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GLOSSARY  OF  TERIJ 


Cylinder 


The  word  cylinder  as  used  in  this  nianual  refers 
to  what  is  technically  called  a  vror'cing  barrelo 
The  barrel  is  so  constructed  that  the  valves  can 
be  pulled  throurh  without  removing;  the  lead  pipes, 


Elevation- 


Elevation,  as  considered  in  Table  I,  designates 
the  vertical  distance  bet'/zeen  the  v/ater  level 
from  which  the  v;"ater  must  be  pumped  to  the  top  of 
the  storage  tank  in  .which  the  water  is  to  be 
stored. 


GoP.Dc 


This  stands  for  gallons  per  day. 


Lead  Pipes 


This  term  is  used  to  designate  all  underground 
pipe  v/hich  leads  from  the  supply  pipe  to  the 
point  of  use  of  the  water. 


Riser  Tubing 
or  Drop  Pipe 


This  term  refers  to  the  pipe  through  which  the 
water  is  pumped  from  the  well  to  8.n  elev9.tion 
from  which  it  v/111  flow  into  the  storage  tank. 


Aquifer 


A  water  bearing  bed  or  stratum  of  earth,  gravel, 
or  Dorous  stone. 


i 
I 


The  dovclo^nierjt.  of  domestic  or  f armstGC'.d  v^rter  under  the  V^ater 
Facilities  i?ro~ram  vdll,  in  lar,,::e  pr.rt,  be  ^,over:ied  by  the  t-^roes  of  vra- 
ter  •  available  for  develomieiat .     In  fjeneral,  the  main  considerp.tion  v.dll 
be  the  quality  and  quantit;'-  of  v/ater  available  and  the  dail?'  v.'ater  re- 
o.uirernent.     V-laerc  scorings  of  reliable  capacity  are  available,  tlicir  pos 
sibilitics  for  the  dcvnlo"Oj-ac;it  of  v/ator  should  be;  invostigo.tGd .  All 
sirring  v/ater  supplies  should  be  maintained  free  frora  pollution.  I'Jhilc 
in  most  instances  v;ells  v;ill  probably  be  the  lo^<^-ical  developident ,  it 
may  not  rl'''a„vs  be  possible  to  deii^elop  '.'ells  in  the  most  desir'c-vble  loca- 
tion, and  such  deve.lopinonts  ma"^''  reouirc  lon,9j  lead  pipes.     In  some  loca- 
tions neither  sprin;r!;s  nor  '-ells  can  be  ecouoiAi ca  11"  d evelopcd..  and.  here 
surface  supplies  may  be  utilized.     T'lis  typo  of  development  riia.?''  vary 
from  utilisation  of  perennial  strca-rs  to  utilization  of  the  flood  flov;s 
of  intermittent  stroa.ms  or  the  i^j.n-off  from  roc':  led.,cos  and  roofs. 

In  all  development n ,  qua.lity  of  vater  s'-.ould.  receive  first  con- 
sidera.tion.     1':\e  devolopm.e:i.t  should,  be  so  located  as  t-o  eliminate,  as 
far  as  posr-ible,  any  chances  of  '^olli-tio:"i.  ■   If  there  is  still  danger,  of 
pollution,   then  treatment'  of  vrator  sup^'lios  is  re co-..mondGd .  ITeither 
springs  .nor  ^,'clls  arf  al'-;a.'"s  safe  i-iatcr  supplies  a.nd  the'""  s'-.ould  be 
checked,  frequently.     All  Sta.to  sanitary  rGf^alat.l ons  ' should,  be  complied 
with.    Usually  f armstca-d  d.cvelopments  v.'ill  rcaiiire  cbn'tinuod,  mainto-' 
nance  I'.fhich.  should    ■o  considered ' along  '-ith  the  install  at^  on  costs  in 
determining  their  f  easibility.''.  •  " 

•The  ciscvissions  and  specif i cr- tions  -which  f olio^*''are  not  expected, 
to  meet  a.ll  requirements  in  the  c~^e£,i  variety^  of  conditions  that  vjill 
be  met  in  Soil  Conservation  Service  Ee5:ion  o , '  vj'hlch  i .icludes  Ari:i:qua., 
Uta.h,  v.'estern  Colorado,  and  all  but  the  eastern  tier  of  counties  '.in 
ilev  Mexico .     Hoi.'/ever,   it  is  hoped  that  the:'"  'V/ill  Vrioet  a.verare  condition 

At  the  present  time  (l'^Ul-2)  'Costs 'are'  unstable  in  general, 
vfith  a  tre'nd  upvard,  and  it  is  possib-le  thia;t  v;hat ever  cbs'ts 'a'.re.  quoted 
may  be  lo'f  by  the  time  tli.e'''  a.re  user,     '.'rien  a,  fa,rmstea,d  '-.rater'  develop- 
ment is  planned,   it  v.dll  be  '.'ell  to  o'-ll  i.n  local  bidd.ers  a.nd  get  their 
prices  for  the  pa.rticular  sot  of  conditions  under  '-'b.ich  the  development 
is  planned,  and  use  these  costs  in  "preparing  a  detailed  estimate  based 
on  the  local  conditions.  ■    .•  '  .  , 

DAILY  WATER  R-3C"I33I.'3jTTS  ■  '  ' 

-  'Jho  follG'','ing  rc.quireinents  are  '-based  oh  the  average '.daily  needs, 
over  a  period  of  one  year ,  except  for  the  pjarden.-    Under  e.'r?:t're^e  'sum^rjor- 
conditions,  .the  requirement;- ma."- -be  grdator  than  those'  lipted,  vMile  in 
the  v.dnter  the;'-  vdll  likcl"  be  much  loss .  '  -    '  ■       ■   '  '  ... 
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'erson 


2..  Cattle 


Horses  and  mules 
Sheep  and  goats 
Mature  hogs 
Chickens 
Turkeys 
Garden 


25.  gallons     (This  should  te  increased 
to  50  gallons  if  inside 
plumbing  is  co"':!Tolete) 
.15  gallons/head     (For  dairy  cattle  ed.d 
2  gallons  for  each  gallon 
of  milk  produced.) 
I2-I5  gallons/head, 

2  gallons/head  •  • 
■     3  gallons/head 

3  gallons/ 100 
b  gallons/ 100 

200  gallons/1000  sq.,  ft.  . 


The  estimate  for  garden  is  based  on  the  irrigation  requirement 
of  3  feet  depth  of  water  for  the  year  over  a  U-month  perioc'-j  or  an  av- 
erage of  9  inches  of  water  per  month. 

The  above  estimates  take  care  of  only  a  minimum  amount  of  loss 
due  to  evaporation  and  seeioage,  ajid  for  purposes  of  estimating  these- 
water  requirements  should  be  considered  as  "net."     The  estimates  should 
be  increased  to  provide  for  possible  excessive  evaporation  or  seepage. 

In  estimating  the  water  requirements  for  the  garden,   seepage  is 
an  important  factor  to  consider,  influenced  by  nature  of  soil,  length 
of  small  ditch  runs,  and  size  of  supply  head.     The  evarjoratlon  from  the 
water  surfaces  of  tanks  and  troughs  will  result  in  considerable  loss  of 
water,   especially  in  the  dry  hot  months  v/hen  this  loss  maj''  ejnount  to  as 
much  as  1  inch  depth  per 'day.     The  evaiooration  from  o:oen- tanks  is  m.uch 
greater  than  from  covered  tanks.     Wastage  of  vrater  due  to  the  use  of 
spigots,  or  to.  leaky  spigots  and  connections,  should  be  taken- into  e.c- 
count.     Considerable  v/aste  can  be  expected  at  all  watering  places,  .such 
as  tubs,  pans,  and  troughs.     The  overall  water ■ requi rement s ,  all  pos- 
sible losses  taken  into  consideration,  vdll  ordinarilj'"  exceed  the  net 
requirements.     The  requirements  for  the  most^  severe  period  of  d-ays  gr 
months  will  determine  the  demand  capacity  of  well,  pump-,  and  storage 
facilities. 

WELLS 


Wells  will  probably  be  the  most  common,  type  of  farmstead  vreter 
developments.     The  depth  and  yield  of  wells  will  vary  over  the  Rejilon. 
In  all  wells,  however,  :  first  consideration  should  be  directed  tov^ards 
obtaining  a  safe  water  supply,   that  is,  one  free  from  pollution,  and  so 
designed  as  to  be  easily  maintained  pollution-free.     Most  of  the  States 
have  v;ell-establi shed  sanitary  codes.     These  should  be  fully  observed 
in  planning  farmstead  water-supplies.     Where  the  -State  Codes  have  nnt. 
been  fully  developed  (as  in  Arizona),   the  U.   S.  Public  Health  Codes 
should  be  followed.     Second  consideration  should  be  to  obtain  the  v/ater 
in  the  most  economical  manner,  not  solely  from  first  cost  but  for  a 
long-time  average,  that  is,   so  set  up  that  maintenance  vdll  be  held  to 
a  minimum.     Often  the  use  of  too  small  casing  or  ooor  casing,  though 
saving  some  first  cost,  so  reduces  the  life  of  the  development  that  the 
overall  economy  is  poor. 
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A  fev/  very  importr^nt  factors  should  be  kept  in  mind  while  se- 
lecting sites  for  v;ell  and  elevated  storage  tank  locations.     Th^se  are: 

1.  A  well  should  always  be  locate(?  above  or  out  of  the  drainage 

line  and  protected  from  pollution  frpni  barns,  chicken' 
houses,  hog  pens,   stomp  lots,  and  Outdoor  toilets. 

2.  A  well  should  not  be  located  in  a  natura'  drainagevray  unless, 

the  only  possible  v/ater  is  found  there.  IVhen  such  a  lo- 
cation is  made,  provision  should  be  made  to  prevent  dajn- 
age  to  the  v;ell  by  run-off  water. 

3.  When  possible,   the  v;ell  and  storage  tan'i  should  be  located 

on  the  higher  portion  of  the  farmstead  and  near  the 
house. 

U.     The  elevated  storage  tank  should  be  loc8;ted  so  as  to  elimi- 
nate necessity  for  an  excessively  high  tower. 

Well  Casing  ' 

Generally  where  depths  greater  than  100  feet  are_  knoi-m  to  be 
necessary,  or  where  it  is  likely  that  rock  will  be  encountered,  a 
drilled  v;ell  should  be  planned  vath  a  minimum  diametf3r  of  5  inches. 
In  drilling  deen  v;ells,  hov/ever,  it  is  often  impossible  to  rlrive  one 
size  or  casing  the  entire  depth.    Under  thes-e  conditions  it  is  v/oll 
to  use  larger  casing  for  the  upper  loortion,  insert  the  smaller  size 
inside,  and  drill  to  the  desired  depth.     The  larger  pipe  can  then  be 
pulled  and  used  over  and  over  again.     The  logic  of  this  m.ethod  is 
evident.     If  a  well  is  started  v/ith  the  minimum  sized  casing  anci  it 
i-s  impossible  to  drive  the  casing  to  the  desired  depth,   the  only, 
thing  left  to  do  is  to  start  all  over  again; 'if  larger  ca.sing  is 
started,  smaller  casing  can  be  inserted  inside  v/hen  further  driving  ... 
is  impossible  and  drilling  can  be  continued.     Conditions  vary  widelyr'- 
in  some  cases  a  single  size  casing  has  been  driven  to  deet)  depths 
and  in  others  only  to  very  shallovr."  The'  best  key  will  probably  be 
the -experience  of  drillers  in  each  locality.     The  experience  of  the  . 
.U.  S.  Indian  Service  has  been  such  that  they  recommend  the  follovring.  . 
starting  size  of  pipe  for  the  follovring  estimated  depth-s: 

Size  of  Casing        Total  Depth  of  Well 

.12  in.  600  ft.    •  -      •  . 

10  "  ^00  " 

7-5/8  "  "^00  " 

5  "    ,  ioo    "  • 

By  employing  these  sizes  it  is  usually  possible  to  end  up 
with  a  5"  pipe,  the  smallest  size  for  ease  of  bailing  if  the  hole' 
fills  with  seJid.  ■ 

The  hole  should  be  straight  and  extend  well  into  or  through    ■•  _ 
the  v/ater  bearing-  aquifer.     The  depth  vd.ll  depend  on  the  loca.tion.-  ''"-' 
Average  depths  in  proven  areas  may  be  determined' by  tal-:ing  with  a 
local  driller  or  ino^uiring  as  to  depth  of  wells  on  adjoining  farms.' 
In  unproven  and  questiona.ble  areas,   the  services  of  the  S.C.S.  geol- 
ogist will  be  made  availa-ble  wherever  "Dossible  to  determine  the  fea.s- 
ibility,  best  location,  and  approximate  de'oths. 


All  wells  should  "be  cased  their  entire  depth.     The  casing  of  a 
well  Is  desirable  not  only  to  prevent  material  from  falling  into  the 
well,  or  to  avoid  the  loss  of  the  hole,  but  also  to  prevent  v;ater  of 
undesira"ble  quality  from  entering  the  well  and  to  prevent  the  escape  of 
good  water  from  the  well.    For  this  purpose  standard  pipe,  or  iDetter,  is 
recommended.     l"'ells  drilled  "by  the  S.C.S.  under  the  Water  Facilities 
Program  have  consistently  used  standard  pipe,  v/ith  the  alternate  usage 
of  either  screw  joint  or  "butt-welded  casing,  depending  on  vihichever  is 
the  cheaper.  Butt- welded  casing  offers  less  resistance  to  driving  due 
to  lack  of  couplings.     The  U-.  S.  Indian  Service,  on  the  other  hand, does 
not  like  standard  pipe  "but  uses  v/ell  casing,  all  screw  joint.  Their 
experience  with  standard  pipe  is  that  it  rolls  at  the  couplings  whenev- 
er the  driving  is  hard.     The  type  of  casing  selected  v/ill  depend  uDon 
the  experience  and  judgment  of  the  individual,  taking  into  considera- 
tion the  anticiiDated  depth  and  ease  of  expected  driving  (type  of  mate- 
rial drilled  through),  and  other  pertinent  factors. 

No  deteriorated  causing  should  "be  used.     Oil  well  casing  or  extra 
heavy  pipe  that  is  used  "but  in  good  condition  will  "be  acceptalile,  and 
in  some  respects  stich  pipe  may  "be  superior  to  standard  pipe. 

In  several  States  (Utah  and  parts  of  I:Tew  Mexico)  in  the  Region, - 
the  State  Engineer  has  authority  to  inspect  and  approve  the  casing  in 
any  v;ell.     Since  similar  lav;s  may  "be  passed  in  other  States,  it  is  well 
to  check  vdth  the  State  Engineer  "before  any  well  project  is  started. 
Good  casing  is  always  good  economy  since  the  casing  constitutes  usually 
a'bout  half  of  the  cost  of  a  well  and  replacement  of  the  casing  is  nec- 
essarily an  expensive  jo'b. 

Types  of  Wells  . 

There  are  several  general  t^;pes  of  v;ells  v/hich  are  used  in  dif- 
ferent parts  of  the  country,  defending  on  underground  fo relations,  depth 
of  water  bearing  sands  and  gravels,  and  the  requirements  or  demand.  The 
types  likely  to  "be  used  in  farmstead  vrater  development  are:     (l)  Dug  or 
"bored;   (2)  driven;  and  (3)  drilled, 

Ifhichever  method  is  used  it  is  essential  that  a  log  "be  kept  of 
every  well,  showing  the  various  strata  and  their  depth  and  thickness. 
This  information  proves  valua"ble  vdien  future  I'ells  are  planned. 

Driven  or  drilled  wells  are  prefera"ble  to  dug  wells  v/henever 
form.ations  permit  their  use,  "because  it  is  easier  to  constjruct  and 
maintain  such  wells  safe  from  contamination.  '  Everj""  well  must  "be  locat- 
ed so  that  it  will  "be  reasona"bly  accessi"ble  for  cleaning,  repairs,  tests, 
and  inspection  if  necessary.    l\fo  well  should  "be  closer  th^n  10  feet  to 
any  "building  fo-undation  or  closer  than  5^'  feet  to  any  sewer,  drainage 
line,  septic  tank,  cesspool,  or  toilet.     Location  of  the  well  near 
closely  confined  "barnyards  or  accumulations  of  manure  should  also  "be 
avoided. 
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'(^ere  only  a  small  quantity  of  v/ftter  ic  needed,,  and  a  reasonably 
safe  water  can  be  secAired  v/ithin  2'\  to  30  feet  of  the  surface,  dug, 
driven,  or  bored  v/ells  should  prove  satisfactory.     For  depths  un  to  100 
feet  the  small  diameter  (I-I/2"  to  "'")  ot)en-ond  driven  v/ells  have  been 
used,  depending  on  the  ground  formation.     If  greater  de"oths  are  neces- 
sary or  rock  is  likely  to  be  encountered,  at  least  a  5"  drilled  well 
should  be  planned. 

It  is  essential  that  all  v/ells,  dug,  driven,  or  drilled,  should 
be  covered  or  have  a  T^ujnp  base  placed  over  them.     Covers  should  be  made 
v/atertight,  preferably  constructed  of  concrete  with  sufficient  slope  to 
drain  water  away  from  the  pump.     (See  Fis;.  5-)   '  . 

.       ,     Dug  and  Bored  Wells 

Dug  and  bored  wells  are  generally  shallov/  wells  v/hich  tap  a  v/a- 
ter-bearing  formation  ne?r  the  ground  surface. 

The  essential  requireraents  to  obtain  a.  safe  v/ater  supply  from 
dug  wells  are  as  follovis: 

1.  .  Proper  location  a.way  from  any  source  of  contamination, 

2.  Watertight  casing  or  curbing  at  least  1''^  feet  below  the 

natural  ground  surface  and  to  greater  de'Pth  where  nec-. 
essary  to  reach  firm  and  compact  impervious  stratum, 
and  8  to  12"  above  the  ground  surface  to  provide  good 
surface  dra.inage  av/a,y  from  the  well. 

3.  The  well  cover  or  pump  slab  must  be  of  watertight  raa.terial, 

preferably  concrete,  and  sealed  to  the  top  of  the  curb- 
ing in  a  v/atertight  manner.  ■  :  ■. 

h.  The  opening  for  the  pump  cylinder  shall  be  large  enough  to 
easily  adm.it  the  cylinder  but  shall  be  designed  for  wa- 
tertight closure  after  the  cylinder  is  insta,lled. 

5"     Where  manholes  are  provided,  they  must  have  ove.rlapping 

covers  which  can  be  maintained  v/atertight  and.  dustproof, 

.  Driven  Wells 

Shallow  tubular  wells,  ce-lled  driven  wells,  are  sunlc  in  various 
ways,  depending  on  the  size  and  depth  of  the  well  and  the  nature  of  the 
material  or  strata  encountered.     In  the  construction  of  driven  v/ells 
there  are  two  principal  methods  of  sinlcing  such  wells:     the  "closed  end 
veil"  and  the  "open  end  v/ell,"  •  i     ,   ■  .- 

The  closed  end  construction  method  consists  of  driving  the  v/ell 
tube  into  the  ground  by  a  wooden  maul  or  block  -ujitil  it  penetrates  the 
water-  bearing  stratum.  (The  tube  is  a  wrought  iron  or  steel  pipe  from 
1  to  h  inches  in  diameter,  closed  and  pointed  at  one  end_  aJid  perforat- 
ed for  some  distance  from, the  end.)  The  upper  end  of  the  tube  is  con- 
nected to  a  pump,  and  the  well  is  complete  except  for  developing.  This 
%yve  of  well  is  adapted,  for  use  in  soft  ground  and  for  depths  not  to 
exceed  25  or  30  feet. 
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The  open  end  construction  is  used  in  harder  ground,  for  la.rger 
sizes  and  for  greater  depths  than  the  closed  end  method.     The  well  is 
sunk  "by  removing  the  material'  fi-om  the' interi or,- usua.lly- hy  means  of  a 
water  jet,  and  at  the  same  time  driving  the  tube.  .  if  ..the  .gro-ojid.  is  very 
hard  or  the  well  deep,  a  steel-  cutting  shoe  expedi'tes  the- sinking  of,  the 
tuhe.  _     '     '  ■'  ,  \    ^  .       ;  . 

With  this  type  of  well  the  lower  •oorticrn  of r  th'e  casing  may. £,6 
perforated  where  the  water  hearing  material  is  coarse.     If  sand  is'  en- 
. countered,  the  perforations  ra&j  he  covered  from  the  inside  vath  hrass 
gauze  or  the  tuhe  may  he  sunk,  a  strainer  of  suitahle  length  inserted, 
the  tuhe  carefully -withdrawn  nearly  to  the  top  of . the  strainer,  and, a 
seal  made  just  ahove  where  the  strainer  joins  the  .lovier-  part  of  the  well 
casing.     This  is  generally  done  v/ith  a  lead  packer.;  .  .         .  ; , 

The  size  of  the  strainer  should  he  determined  hy  an  analysis  of 
the  grade  of  sand  encountered  in  the  v.rater  bearing  stratum.     It  is  best 
to  locate  the  strainer  so  that  it  will  be  entirely  under  water  at  all 
times,  and  to  assure  this  it  should' be  keiot  belov?  the  limit  of  the  ..suc- 
tion. 

Drilled  Wells;  ■  ■   ;    -  ■  .  .  :  .. 

V/here  depths  in  excess  of  75  to  100  feet  are  ne'cessar^y,  the  sm.all 
driven  well  ceases  to  be  an  economical  method  of  construction- and  drilled 
wells  should  be  considered.    A  drilled  v/ell  should  m'eet  the  following  re- 
q_uirements:  ^ 

1.  It  should  be  of  -permanent  v/atertight  con'stractionifrom  above 

the  permanent  grade  at  the  well  to -a  continuous  impervious 
formation,  or  to  a  "safe  deioth"-  below  the  probable  present 
or  future  maximum  dra.wdown.  .•-  ■  ' 

2.  The  opening  surrounding  the  well -.casing-should  be.. sealed  with 

impervious  material  to  prevent- ajay  movement -of  water  through 

/it.  ■  ■  ■  ■■■■  -    ■   -  -    '  ; 

.3.     The  upper  casing  pipe  terminal  must  be  sealed'-against-  influent, 
that  is,  'entrancie  of  water  of  -  ajiy  kind.  ..• 

Perforations .  Perforations  are- of  U-io  types:  (l)  Those  made  by 
a  perforating  machine  after  the  v/ell  is  drilled  aiid  v^iile  the  Ccising  is 
in  the  hole,  and  (2)  machine' perforations  whi ch ■  are ■  cu.t  in.  the  factory. 

The.  size  and  number  of  perfbra-tions  are  both  important.  ..  If-  dril- 
ling Samples  are  taken  as  th'e  v;ell  is  drilled,  aj--saAisf actor?.'-  si-ze  -.of 
perforation  may  be  selected.     In  the  ahluvial  form^t-i'ons  tha^t  contain 
most  of  the  v/ater  in  this  Region,  it  is  commonly  considered  that  the  size 
of  perforations  should  be  chosen  so  that  about  60-  percent  of.  the  grains 
v;ill  pass  through  the  openings  and  about  ^0  percent  m  11  .be  ;-r.etained  out- 
side the  casing.     Then  as  the  finer  material  Is .  pumped- out,  -.the .-larger 
grains  settle  around  the  casing,  forming  an  envelope  .-a-re-a'- A-a th  greater 
.porosity  and  larger  passages  for  tra.nsmis  sion' of  ■  water  ^  to  -the -.w©ll,. 
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Puraninf;  tests  vill  detefmi-ie  vrhether  or  not  there  are  sufficient 
"oerf orations .     If  the  t--st  indicates  la clc  of  'oerf orations,  additioioal 
perforations  should  be  ac'ded.  • 

VAierever  a  stre.i:''.er  is  placed,   it  rnvist  be  ^t';ood  qualitj'"  reel, 
brass,  or  its  equivalent,  -and  of  sufficient  len-;';th  to  admit  a  reason- 
able qiuantitj''  of  v/a.ter  under  normal  pu/nping  conditions. 

V:oll  Drilling  -  ■ 

In  the  drilling  of  ?  vrell  it  is  of  first  irn':)ortance  to  >,cquire 
'the  services  of  an  experiencec"  v;ell  cfriller -.vho  can  'Sho'vi.  .that  :he  ho!.s. 
the  necessary  fa.cilities,  experience,  and  ^bilit"  to  Derfor/i  the  drill- 
ing in-a  satisfactory  nianner,  that  is,   to  drill  e  v/ell  that  v;iii  Tdq 
straight  and  vertical. 

■The  type  of  drill.ing  most  stiitecl.  to  a.  ^articular  rof:ion  is  best 
determined  by  local  conditions  and  fro:Ti  local  drillers.     The  reneral 
tj'^pe  of  drilling  done  in  the  ves-':  is  the  standard  methocT.   -T'/jiile  dug 
wells,  bored  vrclls,  and  driven  ^■'cll  s  iny.y  ha.ve  some  place  in  develop- 
ment of  farmstead  vaster  vliere  t".~.e  vater  table  is  at  shallow  deaths, 
by  far  tiie  f^rcat  pro-oortion  of  the  v;clls  v;ill  prooa^bly'be  ciassified  as 
drilled  wells.    Under  drilled  v.'cl.ls  a.ro  v/.ells  drillod.  .by  the  standard 
method,   the  California  or  stove?oipe  method,  the  sa,nd  pump  or  orange- 
peel  method,  the  hydraulic-rotary  method,  the  jetti.ng  method  and  the 
hollov.'-rod  or  self-clea,ning  method.     For  ^'ells  in  the  variet^''' of  ma- 
terials lihel}'"  to  be  encountered  in  S.C.-S.  Region  S,  the  standard-  ■ 
met'iod  probabl:'  ha.s  the  most  general  a."0"olica.tion.,    ■%ere  there  is  any 
uncertainty  both  as  to  reo^ui red.  •  depth,   tyiDe  of  ma.terials  that  will  be 
encou:itered,  a.nd  thichiess  and  tr-'^De  of  v^ater  bearin.-:-:  '.naterial,  the 
standard  rig  in  the  hand.s  of  an  •  errpori enced  ■'■lell  driller  '-'ill  give  as 
good  results  as  any  if  not  the  best. 

Sa^mple  drilling  S-oecifi  catio:is ,  Invitations  to  3id_,  and  tyr)ical 
Contracts  may  be  obtained  by  addressing  a.  request  to  the -Regional  Con- 
serva.tor  of  the  Soil  Conservation  Service.        ••  '  "• 

Costs  of  well  d.rilling  vary  widel;"-',  de'oehdang  mainly  on  the 
type  of  material  encou/ntered.  ■  ■"  In  unpros'oected  localities' of 'more  or - 
less  vuihno\'n  conditio:.:.s ,   the  costs  may  be  higher  than  v/ould  be  the 
case  if  the  area,  ha.s  been  thoroughl^''  proven.  '  Another  leatti.re  that 
may  affect  the  costs  is  the  distance  a,  driller  v;ill  have  to  move  his 
rig.     If  there  are  no  d.rillers  in  the  near  vicinity  aiid  the" proposed, 
well  is  relativel?'"  shallow,  then  the  unit  costs  ■ma:''  be  ' excessively 
high  to  cover  cost  of  moving  rig  in  and  out  of '  the  site-i  '  If, ,  on  the  _ 
other  hajad,  the  driller  and  h_is  rig  an'e  nea.rby  and  there  is  lots  of 
drilling  to  do,  then  the  costs  may  bo  lower  th^n  av.or.a-ge..  .  
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Another  feature  that  rnay  influence  costs  is  the  v:a;^r  the  :aoney 
is  set  up.     If  the  area  is  not  'orosTDected,   the  actual  required  .depth 
exceeds  the  geologist's  estimate,  and  there  i-s  not  sufficient  money 
set  up  to  drill  to  the  water  "bee^ring  material,  the  tin.e  the.  driller 
will  have  to  v^ait  until  additional  funds  are  secured  may.  adversely  in- 
fluence subsec^uent  "bids  in  the  vicinity.  '  Act\ial  cost  of  drilling  in 
average  conditions  is  relatively  reasonable. 

The  follovjing  summary  of  costs  per  foot  of  drilling  has  "been 
worked  out  by  Rohv/er:  i/ 


Diameter:        Arizona         :        Colorado        :      Hew  Mexico      :         Utah.      .  ■: 
(Inches) ; Drilling    Casing; Drilling    Casing: Drilling    Casing; Drilling  Ca.sing 


$  1.00 

6 

$  .75  to  i 

1.00  ^--^^ 

1.25  to 
2.00 

g 

1.25  to  . 
■  1.50 

2.00  to 
3 . 00 

10 

1.^0  to                      ■                         $  2.50 
1.75 

.  3.00  to 
M-.OO 

Average  drilling  costs  in  Nevr  Mexico  for  the  fii 
drilling  are  about  as  folloy/s; 

:st  100  feet  of 

^"  and  6"           $1.50  per  ft. 
S"            •      ■        2.00    "  " 

10"                   2.50-  "  " 

with 

a  50^  per  foot  raise  for  ea.ch  additiona.l  lOO  feet 

of  de^th. 

they 

The  U.  S.  Indian  Service  in  .the  southi-'est  ov.'ns  c 
move  from  locp.tion  to  location  as  reajo-ired  in  the 

Irilling  rigs  v^hich 
drilling  prograjn. 

The  costs  naturally  vary  v;idely,  depending  upon  the  materiaJ  drilled  in, 
freight  rates  on  the  materials  used  in  the  vrell ,■  distance  from  the  rail- 
road to  truck  ma~terials ,  and  the  distances  to  move  the  vrell  rig  betv7een 
drilling  operations.     With  these  varia^tions  the  Inc.ian  Service  considers 
about  $10  per  foot  of  hole  ajnple  to  cover  the  entire  cost  of  the  complete 
well  and  development,  incliiding  drilling,   casing,  pump,  v.dndnill,  devel- 
oping, etc.     This  cost  is  for  v.^ells  about  200  to  350  feet  in  depth  and 
6"  to  10"  in  diameter.     The  cost  decreases  to  about  $S  per  foot  for  wells 
up  to  200  feet  and  increases  to  about  $12  per  foot  for  wells  from  350  to 
500  feet  in  depth. 

l/    Rohwer,  Carl ;     "Putting  Dovm  a.nd  Developing  'Tells  for  Irrigation." 
U.  S.  Department  of  Agriculture  Circular  !vo.  ^hS.     February  19^40. 


The  cost  of  farmstead  v/ells  (^riT'-iny-  onlv)  in  S.C.S.  Re.Tion  6 
has  varied  1)etv;een  50y  and  $1.00  "^er  foot. 

^\'here  a  v/indmill  is  to  be  ucred  to  "'ournp  water  frova  a  '■'ell,  the 
niiantit;",-  of  v/ater  that  can  "be  pumped  vdll  ''eioend  on  the  yield  of  the 
v/el''  and  the  pijunping  equipment,   that  is,  the  size  of  the  v;heel  pnr" 
sails,  v;ind  velocity,   size  of  cylinder,  and  the  elevatio"''  the  water 
must  be  lifted.     The  selection  of  the  cylincier  'r-:-V  v/indniill  shoxild  be 
consistent  with  the  v;atcr  requirement. 

Cylinc]  er   .  .  ' 

The  cylinder  ,  si  ze  should  bo  determined^  by  the  v.-atcr  '  roouire- 
ment,  depth  of  well,  and  si^e  of  v/heel.     It  is  recoinraencled  that  the 
unit  (v/hoel  and  cylinder)  bo  dosi£;ncd  to  prndij.ce  throe 'times  the 
daily  v;atcr  reqviiromcnt  during  a  f'^'-hour  porioc.,  bassd'  oi\  -c.  contin- 
uous \:dnd  v;ith  an  avor.a;:(?  velocitv  of  the  viciiiity,  or  about  S  miles 
per  hour  in  S.C.S.  Region  B.     Therefore,  if  the  daily  ■■■'ater  rooniro- 
nent  of  a  farm  unit  is  1000  gallo.is  njir  day,  dotormine  from  T?/lo  1 
the  v/hoel  and  .cylinder  size  nocoss?.ry  to  provi-^e  3^''^*^  ■•"^llo^is  in  a 
sU-hour  period  for  the  ap"^roprirtc  depth  of  thn  veil.     Do  :iot  use  too 
large  a  cylinder.,   A  v/indmill  with  a  small  cylinder  runni/.j;,  puin-os 
more  vjater  than  a  large  one  standing  still  a  great  part  of  the  time. 

It  is  recommended  that  a  cylinder  be  used,   the  leathers  of 
which  can  be  replaced  by  pulling  the  sucker  rods  only.     The  to"o  ca,^ 
of  this  cylind.er  is  the  next  pipe  size  larger  than  the  cylinder  size. 
This  aJlows  the  valves  to  be  withdrawn  from  the  cylinder  for  repairs 
or  leather  reiolaceraents  i^rithout  pulling  the  pipe. 

One  of  the  controlling  factors  in  setting  the  c-li-idor  and 
determining  the  length  of  stro'"e  aioplicable  to  the  well  is  the  t-^-pe 
of  vfater-bea.ring  material.     If  the  W£itor-bearing'mat"e?i^.l  i^  coarse 
and  there  is  little  or' no  danger  of  fine  matci-ial  entering  the  vrell, 
then  the  cylinder  ma'"  be.  set  on  tlio  long-  strohe  a:'.d  lolaced  near  the 
bottom  of  the.  hole.     3ut  if  the.  v.^atcr-boaring.  material  is  fine  and 
there  is  d.anger  tha.t  some  of  this  material  may  enter  the  hole,  the 
stroke  should  be  short  and  the  cylind-er  set  as  high  as  "oossible  to 
prevent  the  sand  clogging  the  cylinder. 

In  many  of  the  v;ells  of  the  Southwest  Region,   the  silt  or 
fine  sand  that  .enters  the  hole  throvigh  the  perforations  causes  con- 
siderable trouble.    .'\'earing  action  of  the  sandy  material  requires 
replacement  of  leather  washers  about  twice  a  year  and  in  some  cases 
occasional  bailing  of  the  well.     Therefore  the  cylinder  setting- 
should  receive  careful  consideration  to  eliminate  frequent  troviblo. 
The  ball  type  valve  under  these  conditions  gives  better  service  tha.n 
the  spool  tjT-pe,  and  four  leathers  on  the  plunger  give  best  results. 
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The  sucker  rod  shoulc'.  "be  set  so  thvt  f  .p.  vr-lves  vorl"  in  the  uio- 
per  TDart  of  the  b--^-rrel  fi?:st  aii':!'^  t^en  lo--er  es  the  "barrel  ^'e^-rs  la,rger. 
This  keeps  thrt  part  of  the  bcriel  poove  tne  vpIvos  aiva:~s  the  same 
size  or  larger  than  the  oortiou  of  the  "barrel  in  ^--Izicr.  the  leathers  are 
I'^orking. 


'vi  ndmills 


There  ?re  nurnerouS  ffla-mfacttirers  of  v'indi'nillP ,   each  claiming 
different  perf orma?:? ce  qualities  for  his  product.     In  sone  instances 
these  perf ormaaice  charts  differ  v/idelj'"  ?nd  in-  other  cases -they  do  not 
differ  a  great  deal..     One  vrindmill  (Aermotor)  hgs  a-  design,  such  that 
the  length  of  the  stroke  is  increased  in  pro  :iort4p-n -to  the  size  of  the 
wheel ,  and  since  the  larger  wheels  ina^re  fever  strokes,  pe-r . minute ,  the 
Dumping  ca'oacity  of  all  mills  from  S  to  lo  feet,:  vith  the  sajne  size 
cylinder,  is  the  same.     On  the  other  hand,  o.thsr  mills  (Dempster  and 
Sajnpson)  increase  Pum^oin-'^"  c^.'oacitj-  b:'-  inst-llin^:  larger  mill's  on  the 
same  size  of  03^1inders. 

Table  I  has  "b  e  on. '  i  r-rt  e  rr«  o  1  at  •?  c  from  v?rioas  irianufacturer'''  cir- 
culars.    I'Jhenover  variation  ^.'jas  found,   the  lov.'est  >  vali'.e  \-'e&  usei? .  It 
is  meant  to  serve  only  as  a  basis  for  estimating,-  .■ ''.fnen  all  conditions 
are  known,   such  as  quantity  of  water  available,-  /quantitv  of  ^/:'ter  re- 
quired, r'epth  to  ^-'ater,   dra.v/dovci  and  available  "ind,-  a  mill  to  meet 
the  ere.ct  conditions  c^.n  be  obtained  from  one  of  the  variovs  ma.nufac- 
turers . 

Table  II  also  has  bee.n  inter'')olatec'  from  various  m.anuf acturers ' 
ta.bles  and  the  same  conditions  prevail.     In  all  ;oi-obability ,.  windmills 
are  designed  for  the  Mid.:"'le  West  v/here  there  is  more.;.  ^a,nd.,. available 
than  in  S  .  C.S.  Region  S;   consequently  an  attempt  has  bee::  mad'e  'tc  show 
performance  tables,  in  'tci':":'S  of  lower  vrind  ■'■'clociti-es-^:    -.  - 

The  table  of.  \dnd  velocities  (in  "oart)  a&. presented  by  the 
Sam'oson  Compan?'",  . is  as  follcv.'s':-   •  - 

Aver.-:  ;:e  "-lo'irl"  Velccit:','  of  the  Wind 
at  the  Following  Stacions  '  of  the  U.  S.  '•/eather  Bureau 

G-i  ven  in  Mile?  "oer  Hour 


Amarillo . 

Texa's  _ 

11.0 

North  Platte, 

J^ebra-ska. 

m. 

3 

Cheyenne., 

A'Jyoming 

"10.  R 

Presc.ott, 

Ariz..o:da 

6. 

Denver, 

Colorado 

5.7 

Salt  Laite  -.City, 

-Utali 

5. 

Dodge  City, 

Kansas 

11.  g 

Santa  Fe, 

Hew  'Me:ri  co 

7. 

6 

El  Paso, 

Tey.a.s 

.  Yuma, 

Ari  zona 

b. 

0 

Leavenv/orth  ,Ka.ns  as  1.1 
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TABLE  II. 


Elevation  in  Feet  to  ITnich  Water  Can  3e  Raise'd  v/itli- 
Various  Sized  Windmills  -arid  'Cylinders 


Size  01 
Cylinder 
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If  your  nearest  l/eather  Burc-au  office  cannot  tell  you.  the  pre- 
vailing wind  velocity  in  your  locslity,  the  following  will  helt)  you  to 
raalie  a  reasonably  accurate  estimate. 

Winds  up  to  8  miles  per  hour-rustle  leaves  and  can  be  folt  on 
the  face. 

Winds  from  2  to  12  miles  per  hour  vill  extend  a  li'ht'  flag  and 
keep  sm£ill  tv/igs  in  motion.  ■     •.       .  ^ 

Winds  from  I3  to  18  miles  per  hour  sv/ay  small  branches  ?;nd  move 
dust  and  litter.     ■■  ' 

Winds  from  I9  to  'dh  miles  per  hour  sway  smrj.l  trees  and  blov^  up 
crested  v/aves  on  ponds  and  lakes. 

Most  of  the  v;indmill-manuf act\iring  concerns  are  located  in  the 
Middle  West  and  East  '-'here  windmill  installations  are  more  co-rmon. 
Consequently  most  v/indmills  start  operation  at  about  7  niiles  iDer  hour 
and  reach  their  best  efficiency  a-t  about  I5  to  IS  miles  per  hour  for 
the  smaller  v;heels,  and  IS  to  20  miles  per  hour  for  the  larger  wheels. 
Since  there  is  less  wind  in  the  momitaln  regions  of  Region  S,  it  is 
suggested  that  a  factor  of  safety  of  about  5  should  be  inserted  eith- 
er in  the  size  of  mill  and  cylinder  or  in  the  amount  of  tiirte  it  is 
expected  that  the  mill  will  pump,  if  a  manufacturer' s  rating  is  used. 
The  following  specif ica.tions  for  the  mill  and  tov/er  are  recommended. 

Windmill  '  '. 

The  wheel  sails  shall  be  manufactured  from  hard  galvanized  nrirae 
sheets,  and  shall  be  firmly  fastened  to  the  spider  or  hub  to  hold  their 
shape  permanently  and  in  such  a,  manner  that  they  will  not  easily  loosen. 
The  hub  or  spider  to  be  firmly  keyed  to  the  shaft  a^nd  locked  in  r^la.ce. 
The  arras  to  be  of  high-gra.de.  structural  steel  and  substantially  fabri- 
cated..   Wooden  wheels  are  not;  acceptable  v;ithout  s-oecial  justification. 

•       ■  •  ■  Motor  or  Mill  Head      .       .'  ■  • 

The'motor  shall  be  of  the  self-oiling  type  for  positive  deliv- 
ery of  oil  to  all  bes/rings  and  with  an  oil  capacity  sufficient  to 
last  at  least  9  -months  without  replenishing,'  '  The  crankcase  to  be  of 
cast  iron. and  the  hood  to  be  made  of  cast  iron,  or  lies-vy  galvanized 
steel  accurately  fitted  so  that  the  entire  assembly  shall-  be  abso- 
lutely dust  and  v.'eatherproof .    All  gears  and  pinions  shall  be  machine- 
cut  or  molded  from  suitable  iron  or  steel.   .Wheel  ajid  gear-  shafts 
shall  be  fitted  with  suitable  high-grade  roller,  .ball,   ren^ovablc  vlsln 
babbitt  or  bronze  bearings,  or  equal.     The  mill  shall  be  fitted  v.dth  a 
positive '  braJce  a.nd  a  sensitive  automatic  adjustc.blc  governor.  The 
turntable  shall  be  fitted  v.dtli  a  high-grade  ball  thrust  bearing,  ha.v- 
ing  hardened  groxind  steel  raxos .     Provision  should  be  made  for 
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adjusting  the  length  of  the  stroke  and  the  sv.'ivel  shall  oe  self-oilinj 
All  exposed  cast  iron  parts  she21  "be  painted  vrith  a-  dura"ble  weather- 
proof paint.    All  steel  parts  shall' "be  ga.lvanized  or- cadini-aia-plated 
after  fabrication,  including  "bolts ,•  nuts ,  and  lock-  washers.  -  , 

WlndEiill  Tower 

Specifications  for  "both  steel  and  v;ooden  towers  are  included, 
8Jid  preference  v/ill  depend  on  the  type  of  installation  required-.  I'Food- 
en  towers  do  not  attract  lightning  as  steel  .tovrers  da;  the:/  vdtbstand 
wind  in  a  more  satisfactory  mejiner  than  do  the  commonly  used  steel 
towers,  and  v;here  the  farmer  or  other  person  for  v/hom  development  is 
made  is  a  skilled  carpenter,  wooden  tov/ers  are  adar^ta'ble  to  erection 
the  owner  of  the  facility  at  a  saving  in  cost.     On  the  other  hand, 
the  experience  of  the  U.  &.  Indian  Service  and  S.C.S.  in  this  Region 
has  "been  that  wood  tov;ers  and  tanlcs,  due  to  alternate  wetting  and., dry- 
ing, have  a  shorter  life  and  are  suoject  to  more  repairs.     In  general 
steel  tov/ers  are  preferred  for  windmills  in  this  Region. 

The  tov;er  should  be  of  sufficient  height  that  the  vjheel  v/ill  bi 
entirely  above  all  surrounding  buildings  and  trees.  A  ..3O-  to  36-foot 
tower  is  ordinarilj?"  recommended  but  in  a  loca.tion  v.dth  high  surro^ondi 
buildings  or  trees  a  UO-f  oot  tov;er  may  be'  reo_uired. 

Specifications  for  vrooden  towers  ha.ve  been  taken  from  the  Hand- 
b"ook  prepared  by  S.C.S.  Region  6.     (See  Figures  1  and -2.) 

A  steel  v;indmill  tower  must  meet  the  following  specif ica.tions: 
The  tov;er  shall  be  the  H-post  tj-zpe,  raggedly  constructed  '-.dth  angle 
irons  for  corner  posts  and  angle  irons  for  girts,  and  of  sufficiently 
sturdy  design  to  v/ithstand  a  \\T.nd  pressure  of  25  pounds  per  so_uare 
foot  of  projected  area  of  tower  and  v/indm.ill.     The  braces  shall  be 
steel  rods  or  bars  threaded  on  at  least  one  end  for  adjustment  or 
tightening.     The  platform  shall  be  strongly  made  from  lumber  or  steel 
and  of  sufficient  size  to  accommodate  a  man  v/orking  on  the  laill,  and 
of  sufficient  strength  to  support  equipment  used  in  pulling -the  prjznp. 
All  tov;er  bolts  and  nuts  shall  be  equipped  vdth  lock  washers.     The  de- 
sign and  fabrication  of  the  tower  shall  "be  such  as  vn.ll  reduce  to  a 
minimaim  shearing  strains  on  bolts  and  other  members  of  the  structure 
and  to  assure  rigidity  and  prevent  buckling,  bending,  or  tvdsting  in 
erection  and  operation.     The  tov/er  shall  be  provided  with  an  adeojaate 
ladder  firmly  held  in  place  for  safe  climbing.    All  metal  tower  mate- 
rials, including  ladder  and  metal  platform,  must  be  of  high-gra,de 
steel  and  shall  be  either  galvanized  or  cadmium-plated  after  fabrica- 
tion.    All  bolts,  nuts,  and  vrashers,  including  those  required  for 
field  erection,  shall  be  of  high-grade  steel  andshall  be  galvanised, 
sherardized,  or  given  other  similar  treatment  to  prevent  rust  or  cor- 
rosion.    The  tower  is  to  be  provided  with  anchor  posts  suitable  for 
casting  in  concrete,  and  it  is  recommended  that  the  corner  posts  be 
Cast  in  concrete  footings. 
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The  minim-am  sizes  of  cornor  "oostr-  recommended  are  as  follov/s: 

Size  of  Mill  Si^e  of  Ant-de  for  Corner 

6  or  8  ft.  2-l/U  X  2-l/U  X  1/8 

10   "  2-1/2  X  2-1/2  X  1/8 

12   "  3x3         X  1/8 

ih  "  3       X  3       X  3/16 

16    "  ^  X  ^  X  l/U 

18    "  .  :3-l/2  X  3-1/2  X  l/U 

Pump  Pole  Guides  - 

The  tower  shall  be  equipped  with  sufficient  pump  nole  guides'' 
to  keep  the  pump  pole  in  "oroper  aligmTient  v;ithout  binding  or  inter- 
fering with  the  action  of  the  rod. ■ 

Sucker  Rods 

Steel  sucker  rods  are  recor:-imended  all  the  ,v;ay  up  except  one 
short  wood  rod  at  the  surface  to  absorb  the  spring.    V'ooden  sucker 
rods  are  not  recommended  as  they  have  been  knovui  to  introduce  bac- 
teria into  a  v/ater  supply,  and  because  they  do  become  waterlogged 
and  add  considerable  extra  v/eight  for  the  windmill  or.  engine,  to  lift. 
Hollow  steel  rods  are  recommended  since  there  is  a  certain  amount  of 
buoyancy  and  a' larger  moment  of-  inertia  or  greater  resistance  to 
v/hipping.    .When'  solid  steel  rods  are  used,  there  is  a  certain  amou:it 
of  v/hipping  unless  large  rods  are  used  and  these  large  rods  add  extra 
weight  to  be  lifted  by  the  mill  or  motor. 

The  sizes  of  sucker  rods  recommended  are  as  .follovrs: 

Si  ze  of  Hollovr 

Cylinder  .  Steel  Rods    .    VJooden  Rods 

•    .  a-3/U  to  1-7/s"     '   5/s"  ■  1-1/8"  ' 

2 .        to  3-l/U"         ■  7/8",  1-VS"  ■ 

3-1/2  to  1"  1-7/S" 

Depth  of  well  v;ill  a.lso  influence  size  of  rods. 


Galvanized  rods,  galx'^anized  couplings,  and  copper  or  ce-drni urn- 
plated  rivets  are  recommended  in  order  to  protect  ageanst  possible 
action  of  minerals  in  the  water. 


Ig 


Hand  Pumps 

Hand  pumps  for  relatively  shallow  v/ells  are  ava;ila"b-le  in  many 
sizes  and  types  from  the  little  pitcher  pujnp  to  those  suitable  for 
windmill  and  pujnp- jack  connections.    Hand  p-omps  are'  suitalDle  for  situ- 
ations where'  only  a.  limited  amount  of  water'  is  required  and  are  not 
recommended  for  household  use. 

Tuhing  and  Fittings     "    "         ..  "    .  . 

All  riser  tuhing  should  "be  "galveni zed,  plugged,  a,nd  reamed"  ?nd 
of  standard  weight.     The  size  of  the  tuhing  should  he  the  next  stand- 
ard size  larger  than  the  cylinder,  in  order  to  a,llovr  the  valves  to  he 
withdrawn  for  repair  or  re^olacement  of  leathers  without  pulling  the 
pipe. 

The  tuhing  must  "be  suspended  by  means  of  some  tyrie  of  clamp.  A 
clamp  may  he  fabricated  from  l/2"  or  3/8"  steel  strap.     The  most  satis- 
factory method  of  suspension  is  a  ca.st  iron  pipe  holder.     Such  a  hold- 
er is  equipped  v;ith  set  screws  to  steady  the  pipe,  and  covers  the  en- 
tire top  of  the  casing.    A  coupling,  tee,   or  some  other  fitting  should 
be  placed  immediately  above  the  clamp  and  rest  on  it  to  carry  the 
weight  of  the  load.    An  asphalt  seal  is  recommended  between  the  pipe 
holder  and  the  tubing,  and  the  pipe  holder  and  the  casing,  in  order  to 
assure  tight  joints.     (For  details  see  Figs.  3,  U,  and  5*) 

It  is  recommended  that  a  tee  with  a  l/2"  or  3/^"  opening  be  used 
above  the  clamp  and  a  hose  bib  or  faucet  be  attached  here.     This  will 
provide  a  place  to  get  drinlcing  viater  and  also  a  means  of  draining  the 
riser  pipe  during  cold  weather.  •  . 

An  automatic  drain  for  prevention  of  freezing  in  cold  v;eather 
has  been  used  by  the  U.  S.  Indio.n  Service.     It  consists  bf  a  small 
hole,  l/g  to  3/16  inches  in  diameter,  in  the  tubing  about  3  feet  be- 
low the  ground  surface.     This  hole  is  left  open  and  drains  the  tube 
above  whenever  the  mill  is  not  running.  •  '.'.'here  consta.nt  attention  or 
some  other  means  of  frost  protection  is  not  maintained  during  cold 
weather,  this  method  of  frost  protection  is  -re commended. 

In  all  locations  where  there  are  lov/  freezing-  tempreratures ,  it 
is  recommended  that  the  riser  pipe  be  insulated  from  the  ground  to  the 
delivery  to  the  storage  tank.     This  may  be  done"  by  building  a  box  a- 
round  the  pipe  and  filling  it  with  sawdust,  cottonseed  hulls,  or  other 
suitable  material.     The  supply  pipe,  if  located  belov;  the  ground  sur- 
face,  should  be  buried  9"  below  the  frost  line,  v.dth  a  minimum  of  2.k'\ 
recommended. 
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Pump  Jacks  and  Motors 

The  need  for  a  pump  jacl-:  and  motor  for  supplemental  pLunriing 
v;ill  best  be  determined  from  surroiinding  installations,  storage  ca- 
pacity of  the  development,  and  the  daily  water  requirements.  The 
experience  of  the  Indian  Service  in  their  stock  v;ater  developaents 
has  been  that  about  kO  percent  of  their  v;ells  need  pumping  for  a  . 
period  of  S  to  9  months  each  year;   consea_uently ,  in  most  locations 
where  windmill  power  is  relied  upon,  a  pump  jack  should  bo  at  least 
investigated. 

Pump  jacks  should  have  all  gears  enclosed.     This  design  net 
only  insures  perfect  and  complete  lubrication  but  also  protect?,  the 
moving  parts  from  dust  and  dirt.     Furthermore,  it  is  a  ^,uarantee  of 
safety  for  the  operators  compellec".  to  work,  around  them.     The  stroke 
of  the  pump  jack  should  be  the  same  as  the  stroke  of  the  windmill. 
This  allov;s  for  use  of  the  most  economical  cylinder,  pujnp  jack,  and 
motor.     Because  of  its  principle  of  operation,  the  pump  ja„ck  must 
be  installed  directly  over  the  v/ell. 

The  capacity  of  pumping  equipment  for  any  installr^ tion  should 
be  sufficient  to  pump  an  amount  of  wiiter  in  8  hours  eq^^aa.l  to  the 
maximum  daily  consumption.     The  capacity  in  gallons  per  hour, there-' ' 
fore,   should  be  not  less  than  l/S  of  the  maxira-'jira  daily  consumption. 

The  requirements  of  each  individioal  installation  should  be 
definitely  stated  in  the  advertisement  for  pumDing  equipment,  in- 
cluding maximum  lift,  total  pumping  head,  yield  of  well,  require- 
ments of  pump,  availability  of  electricity,  etc.,   tha-t  each  ma^nu-  ; 
facturer  v;ill  clearly  understand  what  the  pumping  equir)ment  must 
satisfy. 

Where  electric  power  is  not  available ,, gasoline  engines 
should  be  used.     In  general,  the  one-cylinder  hopper  cooled  t}njie 
is  recommended  both  from  initial  cost  a-ud  length  of  service  stand- 
point.    The  experience  of  the  U.  S,  India.h  Service  in  the  high  al- 
titudes of  S.C.S.  Region  S  has  been  that  the  majiuf acturcrs '  rating 
is  light  and  for  best  service  it  is  well  to  use  the  next  "larger 
size. 

All  power  pumps  should  be  set  on  a  pujnp  base  elevated  S  to 
12  inches  above  the  floor  sla.b  of  the  vfell,  and  the  casing  of  the 
well  given  sufficient  height  to  provide  the  proper  watertight  seal 
when  the  pump  is  set  at  this  elevation.  . 

The  motor-driven  pum^:  should  be  pro:oerly  suited  to  the  in- 
stallation and  designed  to  give  long-life  service  with  high  effi- 
ciency and  a  minimum  of  maintenance.     The  pump  and  motor  shall  be 
balanced  so  that  the  unit  will  start  quickl;^  and  operate  with  no 
excess  vibration.     The  motor  and  pump  '.shall  be  connected  so.  that 
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there  vri.ll  be  a  minimum  of  slippage.  All  parts  shall  be ^  accurately 
machined  and  similar  parts  of  the  pimp  interchangeable.  All  equip- 
ment shall  be  neatly  finished  and  well  painted.  .  . 

The  size  of  motor  required  may  be  estimated -from.  Table  HI, 
which  shovrs  the  required  horsepower  "to  pump  water,  "based  o.n.-  . an.  OT-e rail 
plant  efficiency  of  25  percent.  ,    ■  ..  •. 

Storg.ge  Tank  "  1.  .-  ■ 

The  tank  should  have  a  minimura  capacity  equal  to  five  tines  the 
daily  vrater  requirement  to  care  for  periods  of  no  v;ind.  ,  If  a  pump, 
jack  Bjid  motor  is  installed  for  pumpin."-  during  days  of  no  vrind,  this 
capacity  nay  be  reduced  to  about  l-l/2'  to  2  times  the  daily. water  re- 
quirement or  the  same  reduction  may  be  made  whore  there  is  supplemen- 
tal storage  equivalent  to  7  "to  10  days'  stock  v-rater.  ...   :  : 

Either  wooden  storage  tanks  of  cj'press  or  redwood  or  metal 
tanks  may  be  used,  depending  on  local  conditions  and  costs.     If  the 
tanlc  is  likely  to  be  alternately  wet  and  dry,  a  metal  tank  is  recom- 
mended.    If  there  are  minerals  in  the  vfator  that  will  cause  corrosion 
of  metal,  that  is,  er.t  off  the  galvanizing,  then  a  vrooden  tanlc  is  rec- 
ommended.    Generally  metal  tanks  are  recommended  since  they  stand  up 
better,  require  less  maintenance,  and  are  Lioro  perr.ianent,  and  usually 
the  extra  cost,   if  any,  may  be  well  justified.     Hovrever,  small  light- 
Yfeight  metal  tanks  are  not  recomnendod  whore  the  dravj'-off  is  . light  as  ■ 
the  v/ater  will  become  warm  in  such  tanks  during  the  surmner  months. 
Tank  dimensions  may  be  determined  from  Tables  IV,  V,   and  VI,  after  v/a- 
ter  requirements  are  knovm.     (See  pages  22  and  23.  )  . 

In  all  installations  tanks  should  be  covered.  The  cover  for 
wooden  tanks,  illustrated  in  Figure  9»  should  be  uqed  only  v.'hen  the 
farmer  can  build  it  himself;  othen'j'ise  metal  covers  are  rocomricnded.  .  .. 

■^iTnere  wooden  tanks  are  used,  the  bottom  of  the  tank  should  rest 
firmly  on  the  joists  of  the  tower,     ITo  weight  of  .the:  tank  should  .Ids.  . 
supported  hy  the  rim  which  extends  belov;  the  tank  bottom..  ..  " 

If  it  is  desired  to  treat  vrooden  tanks,  either  inside  or  out, 
inforraation  may  be  obtained  for  this  treatment  by  addressing  a,  request 
to  the  Regional  Conservator,   Soil  Conservation  Service,  Albuquerq.uO;, 
ITew  Mexico.     Likewise,   if  it  is  desired  to  disinfect  nev^  tanks  .or 
equipment,  advice  may  be  obtained  by  referring  to  Section  Ij.  of  the  , 
S.CoS,  Engineering  Handbook  or  by  addressing  a  request  to  the  Regional 
Conservator, 


In  cold  climates  the  tanlc^  should  have  a  double  roof,  and  care 
should  be  taken  to  select  a  tank  large  enough.     Capacity  "will_ be  re- 
duced during' cold  spells  by  the  formation  of  ice  around  the  sides, 
which  may  be  from  12  to  16  inches  thick. 


21 


u 

■P 


I" 


Ph  0^ 

•H 

O  O 

EH  -H 

1— 1 

1— 1 

(D  (D 

•H  rH 

m 

<^ 

0-'  Clj 

Q)  1 

fH 

fH  > 

<D  O 

O  OJ 

W  N  

o 

-p 

(D 


•H 


•P 

•H 

1-q 


I  M 

o 

e  rH 


I  m 

o 


O 
O 


CJ 


o 

OJ 


o 


o 
o 


o 


ir. 

in 

LO, 

OJ 

m 

c 

OJ 

OJ 

rH 

00 

rH 

• 

OJ 


rH 


CO 


Q)  .H 

ft  s 


o 


O 


OJ 


o 

OJ 


rH 


o 

rH 


O 


rH 

O 


o 
o 


o 


'O 
CO 


o 


C5 

LT  . 

o 
o 

■  o 

o 
o 

o 

o 

o 

o 

o 
o 

O 

o 
o 

o' 

rH 

OJ 

OJ 

• 

• 

o 

1 

CM. 

1 

LTv- 
OJ 

O 
1 — 

LT-, 
rH 

o 

o 

r— 

o 
o 

cv 

rH 

OJ 

C\i 

r*  \ 

— u 

o> 

rH 
r — i 

o 

OJ 

c 

o 
o 

o 

o 
to 

o 

OJ 

c- 

o 
o 

o 
c 

o 
c 

c 
o 

rH 

• 

rH 

OJ 

• 

00 

• 

-=t- 

to 

c 

r-l 

o 

O 
J- 

o 

rH 

O 
to 

rH 

c 

OJ 

o 
o 

r— 

rH 

rH 

rH 

OJ 

OJ 

OJ 

1^ 

to 

o 


o 


o 

o 

o 

O 

o 

o 

o 

o 

o 

o. 

OJ 

rH 

c- 

O 

rH 

rH 

rH 

c\: 

OJ 

OJ 

o 


r-- 


o 

O 

o 

LO 

o 

o 

o 

OJ 

o 

OJ 

ICS 

OJ 

r-l 

rH 

rH 

rH 

OJ 

OJ 

00 

o 


o 


o 
to 


o 

O 

o 

o 

o 

o 

o 

o 

c 

o 

OJ 

J- 

to 

c 

c; 

o 

o 

rH 

rH 

rH 

rH 

rH 

OJ 

o 


O 
V.D 


c 

OA 


in 

O 

C 

o 

o 

OJ 

OJ 

o 

rH 

rH 

rH 

rH 

OJ 

in 


LOi 

LPv 

o 

00 

o 

OJ 

CO 

c 

rH 

OJ 

to 

LO--. 

rH 

• 

» 

• 

rH 

rH 

rH 

rH 

OJ 

o 

CO 


o 


o 


o 

C 

O 

o 

o 

o 

O 

o 

o 

CO 

o 

o 

rH 

rH 

00 

00 

m  lo  m  m  m 

I —     m     00      o      h-     m     OJ      o      r—  m 

O         rH        00         1^  ^         L^^  VJD  1 — 


00 

o 

r— 

rH 

CO 

rH 

rH 

rH 

o 


o 

OJ 


OJ 


o 


O 


c 

LP, 

c 

o 

• 

• 

rH 

rH 

■  m 

o 

O 

LPi 

o 

in 

ir\ 

o 

r— 

rH 

CO 

rH 

00 

o 

r-- 

o 

• 

o 

rH 

rH 

rH 

00 

OJ 

OJ 

co 

■LTN 

OJ 

o 

00 

o 

OJ 

Lf> 

1 — 

o 

00 

o 

o 

o 

rH 

rH 

rH 

rH 

CM 

OJ 

OJ 

o 


o 


O 


to 

r— 
o 


o 


o 


00 


o 


00 
CO 


OJ 


1^ 


to 


o 


rH 


o  ir\ 


o 

o 

o 

O 

O 

o 

o 

O 

O 

o 

o 

o 

CO 

OJ 

o 

CO 

•  00 

o 

o 

o 

CP> 

CO 

fcO 

CO 

CO 

rH 

rH 

00 

CO 

1 — 

cr. 

o 

00 


o 
c 
o 


OJ 


TABLE  IV.     Storage  Tank  Capacities 


Outside 

Outside  ■ 

Len^'th. 

Dismetpr 

Capacity 

S  "hp  VP  ^ 

Bn  "h  "h  mn 

■Feet 

Feet 

Gals. 

Bbl  s . 

6 

1  ' 

1516 

6 

.  g 

2000 

7  ■ 

7 

"   1725  ■ 

50 

7 

g 

2352 

7^ 

.  7 

Q 

3600 

95 

7 

•  10 

3723 

118 

g 

s 

2705 

86 

g 

10 

U2g2 

136 

.TABLE  V .     S  to  rage  ■  Tank  Caps  ci  ti  es 


Outside 

Outside 

Length 

Diameter 

Capacity 

Staves 

Bottom 

Feet 

Feet 

Gals. 

BlDls. 

2 

.:  U 

150 

5 

,    2  . 

.'■  5 

221 

7 

2 

r 
0 

32U 

10 

2 

7  . 

iH. 

2 

8 

19 

2 

10 

S31 

30 

2 

12 

1550 

^9 

2  ■ 

lU 

2000 

61| 

2 

16 

2500  ■ 

80 

?^ 
? 

r 

0 

U2I 

13. 

P— 

7 

580 

18' 

pi 

s 

19\ 

2U 

2i 

10 

1210 

3S 

2} 

12 

1758 

55- 

■  lU  • 

2226  • 

71 

pi 

16 

2835 

90 

These  tallies  v/ere  talcen  from  Axtell  Catalog  and  v-ere 
computed  for  v/ood  tanks. 
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Steel  Stora,ee  Tan]-  Capacities  (Gallons) 


Depth 

D  I 

A  M  E 

T  E  R 

(In  Feet) 

rt . 

1+ 

f 

0 

7 

1 

6 

9 

10 

11 

12 

322 

758 

9^5 

lUlO 

1810 

2230 

2710 

712? 

405 

652 

1305 

1725 

2260 

2790 

3370 

koko 

i 

Us  7 

780 

iiUo 

1565 

2lU0 

2710 

3:^50 

4060 

U83O 

7 

570 

908 

1330 

1915 

2510 

3150 

3920 

'!-770 

56^0 

615 

1U25 

2060 

2  680 

3U0O 

Ui90 

5070 

6050 

s 

652 

loUo 

1590 

2190 

2860 

^860 

UU75 

5U10 

6USO 

10 

820 

1305 

2020 

27U0 

3580 

%25 

5600 

S750 

80  60 

12 

8330 

968O 

The 

above 

table 

v;as  te] 

:en  from 

the  DeiTipster 

Catalog, 

Overhead  storai'^e  taaxks  are  seldov.i  protected  against  freezing 
due  to  the  la,rge  volume  of  vater  involved.     Severe  ice  formation 
vrill  not  form  unless  very  lovr  te"iperatures  extend  over  a  considerable 
period  of  time  and  not  then  if  large  amounts  of  wa.ter  are  being  used. 
Tanks  vrhich  are  relatively  small  and  which  are  'mounted  on  towers  of 
ample  strength  can  be  protected  by  enclo.sing  them  in  timber  envel- 
opes, filling  the  space  thus  provided  v.dth  sawdiist,   shavings,  or 
other  nonconducting  jnaterials . 

All  riser  pi'oes  and  hydrants  should  be  well  insulated  irres- 
pective of  whether  the  ta',nl:  is  protected  or  not.     Commercially  pre- 
pared asbestos  wrap'oing  mat.erial  is  .avalla.ble  for  this  purpose  and 
is  recommended. 

Storage  Tanl-  Tovier 

Specif i ca.tions  for  both  v/ood  and  steel  towers  are  included, 
and  generally  steel  toi-ars'  are  recoraiienr"',ed  for  much  the  ...same  reason 
that  steel  towers  are  reconi.aended  for  windmills.     Tha.t  ;discussi_on 
(see  pagelS)  is  applicable,  to  stora.ge  towers.  .  The  tov/er.  should.be 
strong  enough  to  hold  the  storage  ta.:ilc  and  wa„ter  'for  the.  maximum . 
anticipated  installation.     This  policj''  is  adopted  in  order  that  fu- 
ture storage  requirements  may  not  be  limited  b-"-  an  inai.d equate-  tovier. 

In  many  instances  vrhere  tiinber  is  available  it  has  been  - 
found  more  economicaJ  to  construct  the  tourers  of  v70od.     V^ere  wood 
construction  is  used,  all  timber  should  be  treated,  to  assure  longer , 
life.     The  split  ring  joint  construction  is  recommended  on  this 
type  of  tovrer  as  it  is  much  stronger  than  any  lav  joint  construc- 
tion.    (See  Figure  6.) 
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Drav/ings  of  'both  steel  and  wood  tov/ers  are  taken  from  the  S.C.S. 
Engineering  Hand"book,  Section  k.     (See  Figures  6  and  f ,) 

Only  one  riser  pipe  is  necessary  for  a  tazil:  as  this  pipe  can 
serve  as  supply -and  d.ischarge  "by  having  the  tank'float  valve  on  the  .sys- 
tem.    Care  must  be  exercised  'in  suiting  the  pipe  connection  through  the 
bottom  of  the  tanic  so  that  the  eS|)ansion  and  contraction  in  this  pipe 
i-rill  not  cause  leal:s  to  develop.     A  flange  connection  having  a  packing 
sleeve  should  "be  used  v.'hich  will  eliminate  the  need  for  a  union  in  the 
riser  line  and  provide  for  a  very  satisfactory  and  watertight  joint. 
These  flange  couplings  can  be  obtained  from  tanlt  manufacturers. 

With  small  inst8,llations ,  it  appears  practical  to  constract  a 
small  tanl:  in  the  v/indmill  tower  an.d  thus  elivninate  the  stoi'-age  tank 
tovrer.     Such  construction  proves  satisfactory  only  v/herc  small  tanks  ,.  . 
are  reo^uired,  but  with  larger  insta-llations,  unless  the  to^-^er  is  built 
sufficiently  substantial,  vibration  tends  to  develop  lea].::s,   even  in 
metal  tanlcs.    For  this  rea^son  v/here  storage  of  more  thaii  1,000  gallons 
is  required,  it  is  recommended  that  the  elevated  tanlcs  be  erected  on 
an  individual  tower. 

Tower  heights  should  be  a  minimiun  of  10  feet.     In  all  cases  the 
top  of  the  tov/er  . shoiild  be  o  feet  higher  than  the  highest  anticipated 
outlet  in  the  water  line.     Footings  for  the  tov/er  should  be  made  of 
concrete  and  the  columns  set  in  the  concreteor  bolted  to  it.     If  the 
columns  are  bolted  dovm,l/2  x  3"   straps  and  3/^"  bolts  sho-o.ld  be  used.  ' 

The  standpipe  type  of  tanlc  is  siiitable  for  situations  v/here  the 
elevation  of  site  will  provide  am^ole  pressure  when  tanlz  is  neen-ly  empty. 
No  tov;er  is  reo^uired  in  this  t;^pe  installation. 

FOOTIITGS  FOR  TAKZ  TOV/ERS  AlTD  MILLS 

In  general,  f omidation  conditions  will  vary  v/idely  over  the 
Region,  and  care  should  be  talcen  to  nake  certain  that  the  footings  are 
large  enough  to  prevent  settlement,   since  settlement  of  one  corner 
may  throv;  excessive  stresses  in  the  structure.     On- the  other  hand., 
footings  that  are  too  large  add  unnecessary^- ejroense  to  the  development. 
In  general,  a.  soil-bearing  pressure  of  about  I5OO  pounds  per  so^uare 
foot  shotild  be  allowed.     This  will  care  for  minimum  conditions  of  allu- 
vium or  loain.     V/here  foundations  are  unusua.l,  either,  extra  good  or 
extra  poor,  an  engineer  or  other  person  competent  to  advise  on  founda^ 
tions  should  be  consulted. 

In  addition  to  the  a.ctual  weight  of.  the  structure,  'tover  and 
mill,  or  tank,  tower  ajid  v;atcr  that  must  be  ca.rried  by  the  footings, 
there  is  the  added  vreight  caused  bv  wind  Pressure.     For  this  Region 
the  pressure  ca-used  by  a  60-mile  per  hour  v/ind  shou].d  be  us6d,  and 
a  suggested  formula  is    P  =  O.OO33  V    in  which  V  =  vrind  velocity  in 
miles  per  hour  and  P  -  wind  pressure  in  pounds  per  so_ua-re  foot. 
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In  the  i^ollcvfiiig  teblef;,  these  conditio;:s,  iipr.elv,  I5OO  ■no-u.n:''s 
pel"  square  foot  foi-  sell  ceari  ;fr;  capacity  anc',  a.  bO-'nile  per  hour  v;ind, 
have  Deen  used  in  design  v^ork. 

The  ninirnum  size  footing  recommended  is  ojae  lo"  squexe  end  -If^"  ■ 
thick.     'This  v/ill  care  for  rtora.fre  ta^ilc'  tov/ers  up  to ,  ir-'^0-;T;an.on.  cao--- 
acity  and  10  feet  in  height  for  either  steel  or  v;cod  tovers,  ano  for 
v/indraills  up  to  o  feet  in  diameter  on  UO-foot  tov-nrs. 

The  follov/ing  table  shows  a  fe^-'  t^roicpl  storage  tai\c- tov'ers  : 
and  the  recommended  minimu/.i  size  of  footings.     In  addition^ _  all  foot- 
ings should  extend  9"  "below  the  frost  line.     Those  not.  sho\,"i- piajr  "be 
interpolated  or  fi.5=p.red  from  the  above  data,. 


Height  of 
Tov;er 

:   Size  of 
:  Tank 

J7 

0  0  T  I  IT 

s 

va^th 

length. 

Thic; 

"ne  PS 

Ft. 

Gal . 

10 

1000 

1' 

o" 

1'  0" 

0"  ". 

20 

^Ono 

2' 

oil 

0 1  2" 

1' 

6" 

3000 

•  2' 

6" 

2'  6"  . 

2' 

0"  .  .. 

5000 

V 

0" 

V  0" 

2' 

6" 

50 

•  10000 

l4' 

5" 

U' 

0" 

Foundations  for  v.andmill  towers  that  have  sufficient  v^eight 
to  lorevent  overturning  are  usually  strong  enough  to  "orevent  settle- 
ment.    The  buried  t;^roe  of  anchor  is  generally  recommended  since  the 
earthfill  above  the  concrete  block  acVs  weight  a;''.d  takes  the  place 
of  concrete.     Tliis  buried  anchor  consists  of  a.n  angle  iron,  of  the 
sajne  size  or  larger  than  the  corner  posts  of  the  .  to^-'er , .  5  feet  long 
for  mills  up  to  lU  feet,  and  6'   g"  long  for  l.S-foot  mills,  with 
double  angle  "olates  bolted  to  the  bottom'  to  bolt  to  the  concrete 
anchor  block.     For  33-foot  v'inc5jnill  towers  for  6,..g,,  10,,  12,  and  1^-^ 
foot  mills,  and  a.  UO-foot  to^/er  for  tl^e  lo-foot  mill,  the  follov/ing, 
si  ze  '  concrete  blocks  are  recommend. ed  for  footings,  5  feet  belov/  the 
gro\md  surface  for  mills  up  to  lU  feet  i.i  dia,meter,.and...,6'  S"  belov; 
the  ground  surfe^ce  for  lo-foot  mills.  ,  • 


Size  of   F  0  0  T  I  IT  G  5 

Mill        :"  Width        "length  Thickness 
Ft. 


6 

1' 

^11 

1' 

n" 

1'  ^" 

s 

1' 

5" 

6" 

1'  ^" 

10 

1' 

10" 

1' 

10" 

1'  S" 

12 

2' 

0" 

2' 

0" 

1 '  10" 

Ik 

2' 

6" 

2' 

6" 

2'  0" 

lo 

3' 

■^1 

I>J' 

pt  0" 

2b 


_  .  C0iTCE3T3  RESZEVOIES 

VHiere  it  is  possiljle  to  gain  sufficient  elevation  0:1  tlie  surro-jrici- 
ing  terrain,  the  storage  tanlc  tov;er  may  ""be  eliminated.     The  surface  stor- 
age tank  or  underground  reservoir  should  "be  constructed,  of  concrete  or 
other  impervious  material  and  properly  covered  so  that  the  v;ater  sup'oly 
will  he  Torotected  and  can  he  maintained  free  from  the  possicility  of  con- 
tamination. 

The  location  should  he  checked  against  containi-iatioa  hy  surf a.ce 
drainage.     Every  effort  must  he  made  to  ha.ve  all  drainage  diverte-"'  from 
the  reservoir  site  and  the  im.mediate  area,  s"hould  he  fenced  to  'lee"^  cut 
hoth  humans  and  animals. 

IMPOUIDIITG  POIJDS 

•  Impounding  ponds  or  small  rerr^ervoirs  may  he  rescrter.  to  for  farm- 
stead use  if  no  other  source  of  sup'oly  is  econoraically  ootainaxle.  Open 
ponds,  more  than  any  other  type  of  storage,   are  subject  to  contamination. 
Extreme  care  is  urged  in  the  selecting  of  the  storage  site  a-nd  the  v/ater- 
shed  from  which  the  water  originates.    Recommendaticn?  of  U.  3.  T'e'oert- 
ment  of  Agriculture  Farmers  Bulletin  ITo.  1659  should  oe  fcllcv-ed.  Utmost 
care  in  treating  domestic  supplies  thus  stored  must  he  practiced..  This  is 
further  discussed  under  "Surface  Supplies,"  page  29. 

SPRING  DEVSLOPIGiTTS 

The^ccst  of  spring  developments  and  the  q"aality  and.  o^ua.ntity  of 
water  they  will  yield  after  d.evelopment  vary  wid.ely.     The  reason  for  the 
variable  cost  of  d.evelopment  is  the  difference  in  type  of  development 
required  for  different  springs,  the  quantities  of  various  materials  need- 
ed, such  as  cement,  rock,  drain  tile,  gravel,   sand,  and  vrater  "oipe,  the 
availability  of .  sand  and.  gravel,  end  the  distance  to  truck  labor  and  ma,- 
terials  to  the  development  site. 

Farmers  Bulletin  ITo.  1359  gives  a  description  of  general  t^.-^es 
of  developments  and.  t:,T3es  of  m.aterials  need-ed.     This  bulletin  contains 
helpful  suggestions  and  should  be  consultedL.     Since  it  is  v/ritten  in 
general  terms,  however,   each  spring  develo"Dment  vn.ll  reo_uire  individual 
planning. 

As  an  aid  to  estimating  costs,  some  material,  and  labor  costs  are 
listed  to  be  applied  to  total  a^uantities  of  the  d.evelopment. 
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Cement 

$  0.95'  per 

sack 

Reinforcing  steel 

.oU's 

11 

Drain  tile: 

k  in. 

1? 

II 

foot 

6  " 

.'19 

It 

It 

g  " 

II 

II 

10  " 

It 

II 

Galvanized  pipe: 

3/U  in. 

.OS 

II 

It 

1  " 

.il2k 

It 

It 

1-l/U  " 

•.152  " 

It 

It 

1-1/2  " 

.182 

II 

11 

2  " 

.2U5 

II 

II 

2-1/2  " 

II 

11 

3 

.506 

IK 

!l 

In  general,  a  1:2:U  nix  or  eauivalent  is  r(3Cora;no:ided  for  con- 
crete work.     Thin  requires  approxiraately  n  sacks  of  cement,  0,9-cu.yd. 
of  gravel,  and  0.U2  cu,  yd.  of  sand  for  each  cubic  yard  of  concrete. 
Concrete  made  from  clean,  sound,  and  well  graded  sand 'and  gravoT,'  v,rith 
5  to  6  sacks  of  cement  per  cubic  yai'd,  well  mixed  vritV:  clean  viater  not 
to  exceed  7«5  gallons  r>er  sad:  of  cerrent,  and  carefully . -camped.'  in  ^Igic, 
should  have  the  quality  and  covnpressive  strengtli  requisite  for  its  use 
in  the  footings  or  in  other  ordinar?'  f^^rm.  structures.     For  "oropor  cur- 
ing, all  concrete  should  be  kept  moist  by  covering  or  by  the  'a'lplica- 
tion  of  water  to  exposed  surfaces  for  a  period  of  -it  least  seven  days  • 
after  placing. 

The  follov/ing  is  a  brief  stunmary  of  and  quot-.tions  from  . 
Farmers  Bulletin  No.  1859)  p-i^"^-  the  Dlanner  is  referred  to  thi't  publi- 
cation for  more  detailed  discussion.  "■■ 

Springs  are  of  all  gradations  between  concentrated  ou.tflovrs 
.emerging  at  a  single  point  to  the  diffused  e^iergence  of  water  over' 
large  areas.    Usuall^-  springs  have  a  fairl"  stead.y 'f low. 

.  To  develop  a  spring  it  is  necessa,rv  to  clean  out  the-o-oening^  .- 
locate  the  waterbearing  material,  provide-  some.  rf.ea.MS  for'' col-lecting; - 
the  water  and  protect  the  development  from'  surface  pollutibn-  and.  sur- 
face damage . 

Springs  are  classified  many  ways;  however,   in  terns  of  devel- 
opment, they  are  usually  classified  according  to  the  manner  in  vrhich 
the  v/ater  is  brought  to  the  surface,  a.s  "depression"  springs  siid. 
"contact"  or  "hillside"  springs. 

Since  improper  develoioment  may  render  spring  either  entirely 
useless  or  less  useful  than  if-  developed  pro"Dorly,  it  is  essential  .to 
determine  the  true  characteristics  of  a  s^oring  before  any  dcvelo"oment 
is  attempted.  The  discharge  of  ,a.  spring  is  depond.cnt  on  the  head  or 
the  elevation  at  v;hich  it  discharges,  and  care  should  be  taken  not  to 
increase  the  head  oven  to  shorten  supply  lines  or  .{jain  elevation  for 
the  tanl:s  since  it  may  not  only  decrease  the  yield  but  may  also  ca.usc 
the  spring  to  change  its  course  azid.  emerge  at  some  other  point. 
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The  development  of  seeps  is  often  a  gamble  and  to  install  a  de- 
velopment of  extensive  excava.tions ,  ditching  and  tiling  is  ustLally  ex- 
pensive although  a  worthwhile  spring  may  often  be  develo'p;ed  fron  vrhat 
appears  to  be  only  a  wet  or'  svrajnpy  spot. 

Depression  Springs      .■      .  ' 

The  devel-opment  of  depression  springs  is  somev'hs.t  uncertain.  It 
is  usually  advisable  to  make  a  series  of.  borings  in  the  vicinity  to 
determine  the  v/ater  table  profile  and  the  extent  and  movement  of  ground' 
water. 

A  spring  encasement  box  is  usually  used  where  the  flo^  is  pri- 
marily upward.  After  the  spring  is  excavated,  a  cribbing  3  or  H  foot 
square  v/ith  a  tight-fitting  cover  and  overflow  pipe  is  installed.  The 
cribbing  should  extend  to  good  foundations  and  e,  few  feet  above  the  . 
ground  and  may  consist  of  masonry,  concrete,  or  other'  material.  If 
there  appears  'to  be  some  horizontal  flov;,  the  lovrer  part  of  the  crib- 
bing should  be  porous  to  allov;  the  v/ater  to  enter'  the'  cribbing. 

Contact  Springs 

Contact  springs  generally  emerge  on  hillside,  and  the  i:':'.flov'  is 
in  a  dovmv/ard  or  horizontal  direction.     The  discharge  may  be  limited 
to  one  point  or  a  small  area,  or  it  may  extend  a  considerable  distance 
across  the  slope.     Improvement  and  maintenance  of  flow  depend_s  largely 
on  horizontal  excavation  and  increased  discharge  along  the  top  of  the 
impervious  stra.tum.     The  development  must  intercept  and-  collect  the 
flow,  and  borings  or  excavation  verticallj''  through  the  im.pervious 
stratum  may  result  in  a  partial  or  complete  loss  of  the  'spring. 

A  "V-shaped  collecting  wall,  preferably  of  concrete,  at  least 
6  inches  thick,  with  the  ends  extcnd.ing  far  enough  back  into  the  hill- 
side to  prevent  outcropping  water  from  going  aroun^d  them,  extending  1 
to  2  feet  above  ground  level  a,nd  deep  onovigh  to  reach  good  foundations 
and  prevent  "underseepage ,   is,  commonly  tised.    A  galvanized  pi"oe  of  large 
size  is  ins.erted  at  the  desired  height  near  the  apex  of  the  collecting 
v;all  to  convey  the  spring  discharge  to  a  watering  trough  or  reservoir. 
A  generous  amount  of  gravel  and  rock  should  be  filled  in  behind  the 
spring  box  and  collecting  v/all  to  allow  -u^irestri cted  passage  of  'v^ater. 
The  porous  materiaJ  is  then  covered  with  soil  and  vegetal  cover  is  in- 
stalled to,  protect  the  surface. 

Wiere  spring  water  emerges  at  several  widely  spaced  noiaits, 
coarse  gravel  and  rock-filled  ditches  or,  preferably,  oiDen-j ointed 
tile  embedded  in  gravel-filled  ditches,   can  be  used  for  collecting  .. 
water  from  outlying  points ,  and  thus  the  expense  of  extending  collect- 
ing walls  long  distances  is  eliminated* 

All  springs  should  be  protected  from  surfa-ce  run-off  and  be  en- 
closed by  fence  to  exclude  livestock.     Springs  can  be  easily  polluted 
and  should  be  protected  from  surface  pollution. 
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The  spring  in  every  case  slioulri:  'i.;e  prr.T.itted  •'to  enter  t'le  encase- 
ment unrestricted  and  flyv/  out  through  a  pipe  or  openitir^  of  Tsufficient 
size  to  take  the  flov;  of  the  s-oring  and  Tiref eratl^""  not  less  than  !"■  in 
diameter.     The  encasement  and  overflow  pipe  should  "be  plenned  so  that 
the  hydrostatic  head  on  the  spring  v;ill  te  k^pt'to  a  miaimiirn. 

SUEJACS  SUPPLIES 

In  some  loca.lities  it  is  not  possible  to  obtain  a  domestic  Ta- 
tar supplj*-  from  v/ells  or  springs  a.nd  in  such  cases  supplies  are  derived 
from  surface  streams  or  the  collection  of  rainwater,  either  fro;:^.  rock 
lodges  or  roofs.     These  sources  should  be  used  only- as  k' last  rcr.ort 
and  before  being  used  for  drinVrin-  puri^osos  shoul(5'  be  chlorinated. 
Wliere  necessary,  additional  treatment,   involving-  sedimentation  and  fil- 
tration, should  bo  provided.  '    '  -■' 

The  method  of  collecting  v;ater  vdll  vary  widely.     In  some  cases 
it  may  be  necessary  to  collect  inter'aittent  floors  in'f-n  im-!o\uiding  res- 
ervoir much  the  same  ^is  is  done  for  stock  water,  allov/  it  to  settle, 
then  filter  and  chlorinate  it  ujid  store  in  e  cistern  for  use. 

This  method  of  obtaining  driiiking  water  is  not  nev?.     Many  towns 
and  cities  collect  and  store  v/ater  in  impounding  reservoirs.     The  tj'TOe 
of  v/ater  thus  obtained  depends  to  a  large  extent  on  the  type,  condition, 
and  uses  made  of  the  watershed.     If  the  watershed  is  in  forest  and. 
sparsely  inhabited,  the  chances  for  contamination  are  loss  than  where 
the  v/atershed  is  inhabited.     However,  in  either  case  survej^'S  should  bo 
made  to  indicate  sources  and  possible  types  of  contam.ination  gnd  every 
effort  made  to  eliminate  them.     As  a,  minimum  requirement,   the  reservoir 
and  as  much  as  "possible  of  the  watershed  should  be  fenced  against  the 
access  of  both  human  beings  and  stock. 

There  are  rural  cominunities  and  towns  that  obtain  their  v;ater 
supply  from  the  collection  of  rainwater  fron  roofs,   and  individu.al  homes 
that  collect  domestic  v/ater  from  both  roofs  of  buildings'  and  from  sand- 
stone ledges.     These  supplies  are  piped  to  'a  cistern- and  stored  for  use. 
In  the  case  of  rainv/ater,  it  is  desira.ble  to  run  the '■v/ater  through  a 
charcoal  filter  to  remove  sv-spendedu  .matter  arid  •T)aa"t-  of  the  colloidal 
material.     Hov/ever,   the  percentage  of  ba.ctori'a  revjiovcd  v/ith-  a  charcoal 
filter  is  verv  lov;  and  such  a  filter  should  not  be  -considered  as  an 
adequate  safeguard  to  hea.lth.  '  . 

The  type  of  chfircoal  filter  recommended  is  shown  in  Fif-are  12, 
The  y;ater  flows  upv/ard  through  this  filter.     The  filter  is  sew  a.  ted 
from  the  inlet  by  a  l/2-inch  screen.     Above  this  screen  thbre  is 
placed  about  I5  inches  of  charcoal,  ground,  to  l/U  to  l/2-inch  size. 
Above  the  charcoal  is  about  an  equa,l  d.epth  of  gravel  or  coa.rse  saiid 
separated  from  the  charcoal  by.  a  l/U-inch  mesh  screen.     The  total 
depth  of  the  filter  should  be  a.bout  30  inches. 
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In  general,  v/here  svirface  vrater  ha.s  Dcen  collected  either  in  a 
reservoir  or  from  roofs  or. rock  ledges  for  doEestic  supply"-,  it  is  re- 
commended tha,t  the  v/ater  "be  transported  through  r.  filter  (sand  in  the 
case  of  surface  run-off  and-  charcoal  in  the  case'  of  rainv/ater)  and  into 
a  cistern  for  storage.     A  sati sfa.ctory  cistern  design  is  shora  in 
Figure  11  (S.C.S.  Hajidhook,  Section  U) ,     The  cistern  should  ce  concrete 
or  masonry.     Do  not  use  steel  or  lead.     When  a  filter  is  xised,  care 
must  he  taken  to  keep  the  filtering  material  clean,  that  is,  to  check 
it  often,  remove .  the  collected  materials,  and  either  v/ash  or  replace 
the  filtering  m.aterial. 

Filtering  alone  is  not  considered  a  sufficient  safegua/i-d  pga^inst 
"bacteria,  and  chlorination  is  recommended  for  purification  of  the  supply. 
The  amount  of  chlorine  required  v/ill  depend  on  the  type  of  vater,  that 
is,  on  the  organic  content  of  the  v/ater,  its  hydrogen' ion  concentra.tion, 
presence  of  ca^rhon  dioxide,  the  time  of  contact,  and  other  factors.  For 
effective  purification  frequent  analyses  of  tiie  vjater  are  needed  to  add 
the  correct  amount  of  chlorine  for  purification.     Too  much  vill  give  the 
vrater  an  oh.jectionahle  taste  and  odor.     Blea.ching  powder  or  Hitest  K^tdo- 
chloride  may  be  used  to  purify  wa.ter  in  cisterns  "by  adding  the  proper 
amount  of  this  poi/der  to  each  filling.    Hov,-ever,  lia^uid  chlorine  has 
greater  advantages  and  vhere  "oossibli..^  this  should  "be  used.     Cost  of 
treating  vater  is  usually  in  the  neighborhood  of         per  million  gal- 
lons. 

Before  underta3.cing  the  purification  of  v;a.ter  b^;-  filtering  or  by 
the  use  of  chemicals,  the  Department  of  Health  of  the  State  or  County 
should  be  consulted,    Arrahgements  can  usually  be  made  vrith  State  or 
county  health  authorities  for  testing  v/atcr  intended  for  domestic  con- 
sumption to  determine  its  pota.bility  and  the  kind  and  d-egrce  of  Toossible 
contamination. 

WATER  lAWS 

The  overall  lav/s  governing  use  of  vater  are  not  uniform  in  the 
four  States  v«'ithin  S.C.S.  Region  S.     ^^hile  the  development  of  water  for 
farm.stPad    pf.rposes  is  of  first  im^'ortance  in  farming  communities, 
neither  legislation  nor  court  control  of  these  developments  has  often 
been  attempted..    ¥.o\^erev ,  the  right  to  draw  undergroimdL  v;a.ter,  develop 
springs,  or  use  surfa.ce  supplies  for  farmstead  purposes  should  be  safe- 
guarded by  com"olia.nce  v/ith  all  the  legal  reqtiirements .     The  exact  re- 
quirements to  be  met  should  be  determined  by  vrriting  to  the  official 
in  charge  of  water  rights  for  the  State  involved.     The  official  in 
charge  in  Colorado,  ITev/  Mexico,,  and  Utah  is  the  State  Engineer;  the 
State  Water  Commissioner  is  the  official  in  charge  for  Arizona. 

At  present  there  is  an  attempt  to  mal"e  uniform  laj-zs  governing 
underground  water  in  the  States_  of  this  Region,  and  in  most  States 
the  lav7S  relating  to  underground  vrater  should  be  considered  in  a  state 
of  change.     Specific  relquireraents  are  best  met  by  writing  to  the 
authorized  State  official  v/ho  v/ill  supply  copies  of  the  laitest  pub- 
lished regulations. 
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In  Utah  and  in  certain  areas  of  'TTew  J'exico,  vrell  drilling  spec- 
ifications are  such  as  to  eliminate  loss  of  water  from  one  aquifer  to 
another  or  any  wastage  of  vfater.     Under  such  conditions,  permits  for 
well  drillinr,  type  of  casing  allowable,  and  perforations  are  covf^rod 
by  rigid  rules,  and  drilling  operations  are  subject  to  inspection  by 
the  State  Engineer. 

Table  VIII 

V/ell  and  Storage  Tank  Capacities  in  Gallons 


Dimietor  of  vrell         2"      3"      U"      5"      6"      3"    10"  12" 


Gallons  of  water 

per  vertical  foot      ,  l6    .37      '6    1.0    1.5    2,6    lid  6,0 


Diameter  of   

storage  tank  21  ^1      ^     IC      §1     21  i2i 

Gallons  of  vrater 

per  vortical  foot        2h      53      9h    ihl    212    288    376    1;77  590 


In  order  to  figure  the  total  number  of  gallons  of  v/atcr  in  any 
circular  well,  cistern,   or  storage  tank,   take  the  quantity  given  in 
gallons  in  Table  VIII  for  one  vertical  foot  of  the  container  and  mul- 
tiply by  the  total  vertical  feet  of  vrater  depth. 


COSTS 

The  costs  shovm  in  t'he  succeeding.  Tables  IX  to  XXIII,  inclu- 
sive,  are  average  prices  quoted  by  vari'ous  trn.despeoplc  and  are  in- 
tended for  estimating  purposes  only.     These  prices  are  foO.b,  the 
major  distributing  points, 

  -  Table  IX  ;         .  ' 

■  ■     .  ■     .    •  'kVindmill  Tovrers        '  /     ■  •  . 


Tower  FOR  ILLS'  

Height  ;  6-  &  8-Foot        10-Foot  12-Foot      lIi-FoOt.     l6-.Foot  20-Foot 

Feet   •  •  .  .    .  ... 

27               50.00        I  53.50  t  860  00  103.00       122,00  $ 

33            59.50         611-.  00  95.00  nil. 00  156.00 

ho                71.00             76,00  115.00  136.00       I65.OO  li28.00 

53                  -               -  _  .             -  5I+3.00 

67                  -               -  685.00 

80                       -                    -  860.00 
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TA3I 


Millheads 


6 


10 
12  " 
ik  " 

16  " 
20  " 


ft. 

II 


$  Ul.OO 

■  57.75 
9^.50 
162.00 

265.00 
^S5 . 00 
900.00 


TABLE  XI.     Deep  ¥ell  Cvlinders  (All 
Brass  v/ith  Ball  Yelves) 


Inside  Leiip-th 

Diameter  Stroke  Top  Cap  Cost 

Inches  Inches  Indies 


1-7/S 

3 

2 

^  1U.50 

1-7/S 

lU 

2 

16. CO 

2-.1/H  ■ 

■13 

2-1/2 

21.00 

2-l/U  ■ 

19 

2-1/2 

23.00 

2-3A 

12 

3 

2g.60 

2-3/^ 

18  . 

3 

^•1.00 

3-3/^ 

20 

?2.00 

3-3/^  ■ 
U-l/l^ 

26    ■  ■  ■ 

^^.6o 

IS 

U-1/2 

J.  1.00 

2k 

U-1/2 

•--.50 

TABLE  XII.     Sucker  Hods  (Hollov.' 
Airtite  Steel)  Galve.n.ised 

Price  per  100  Eeet 


• 

LEI 

G    T  H 

s 

Rod 

:  Si  ze 

:  Random 

No. 

:(ln.) 

: Appro X.  20' 

IS  Ft. 

15  Et. 

10  rt. 

5  rt. 

1 

5/S 

$  13.50 

?  13.50 

$  15.50 

0 17.50 

$  2h. 50 

2 

7/S- 

•  20.50 

20.30  ■ 

■  22.50 

26.75 

36.50 

1 

^0.00 

32.00  ■ 

37.00 

50.50 

l~l/S 

54-1.00 

U5.OO 

■  us. 50 

50.50 

66,00 
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TABLE  XIII.    Storage  Taiiks  for  '.■"indmill  Tov;ers 


:  Capacity  :  1^"  Redv/ood 

2"  Redv/ood 

Galvani  zed 

Steel  T.- 

n!-: 

:       of  : 

Gauge 

:Wood  Tank:  Weight 

V/eight; 

Cat)acity 

of 

VJei.'^ht 

ITo. 

:   (Gal.)     ;  Price  (Lbs.) 

:  Price 

(Lbs.) 

( Gal . ) 

Steel 

Price 

(Lbs.) 

1 

200      $53-50  275 

2^8 

22 

$  Us. 50 

125 

2 

660         78.00  500 

$  9H.OO 

.  600 

733 

20 

77.00 

300 

3 

1280        111.00  750 

130.00 

900 

1U2U 

20 

iiU.oo 

^75 

k 

2175 

195-00 

1200 

2UU0 

If; 

175.^^' 

The  above  prices  include  a  galvanized  cover  for  all  tanks. 


For  the  windmill  tower  to  care  for  the  above  storage  tanks, 

add  about  50  percent  to  the  prices  on  Table  I  for  the  small  tank, 

75  percent  for  tank  No.  2,  90  percent  for  taailc  I7o.  3,  and  100  per- 
cent for  tank  i\To.  h. 

The  height  to  the  bottom  of  the  tanlc  is  the  heir^ht  of  the 
windmill  tower  less  I3  feet  for  tank  No.  1,  less  I9  feet  for  tanl: 
No.  2,  less  26  feet  for  tanlc  No.  3>  height  of  the  tower 

less  33  feet  for  tank  No.  k, '       '  ' 
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TABLE  :{V.    ApT)roxiinat9  Cost  of  Tan'.'  Joists  and 
Flooring    (Just  fit  to  ta.nlc) 


Digjneter  of  Wood  Steel 

Tank  Joi  sts  Joists  Floor 

Ft. 


6 

$  15.75 

$  36.00 

$  8.75 

7 

22.75 

12.25 

8 

29.00 

63.50 

15.75 

9 

^7.00 

97-00 

19.25 

10 

51.50 

105 . 00 

25  00 

12 

73-50 

.210.00 

35-00 

TABLE  XVI.    Apioroxiiaate  Cost  of  Extension 

Platforms  and  Railings  for  Steel  Tower 
(Platform  to  hold  tank  and  provide  a  v;alkway 
around  the  tanlc) 


I'Jood  Steel  Hand 

Platform        Platform  Railing 


Diajaeter  of 
Tanic 
Ft. 

6 

7 
g 

9 

10 
12 


$  89.00 
102 . 00 
120.00 
IU9.OO 
197.00 
270.00 


$  118.00 
157.50 
172 .60 
223.00 
236.00 
3SO.OO 


$  28.50 
29.50 
30.50 
31.50 

-.32.75  • 
3U.5O 
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.  .TABLE  Approximate  Pri.cer,' of 'Steel  Tanlcs 


(Prices  gi 

ven  are  f 

or  20-ga"!ige  talks; 

for  18- 

gauge  add 

30fo;  for 

16-gauge  add  oC^c.) 

Diameter 

Height 

Price 

DiB.meter 

H  eight 

Price 

11- 

•  Ft. 

Ft. 

V  • 

5 

$  U7 . 20 

S 

g 

$  1^9.  -^0 

5 

5 

56,00 

g 

10 

lo5.''-0 

5 

6 

5^.  go 

9 

u 

103. Uo 

5 

7 

73.60 

9 

5 

llg.lO 

5 

S 

.  84.20 

9  . 

b 

132 . 60 

5 

10 

100.00 

9 

7 

1U7 • 30 

6 

U 

56.  bO 

9 

g 

161 . 90 

6 

5 

06 . 60 

q 

10 

191.10 

6 

6 

76.50 

10 

120.00 

6 

7 

g6.5n 

10 

5 

175  .70 

6 

s 

96.54-0 

10 

b 

15!. 6^ 

6 

10 

116.30 

10 

7 

167.30 

7 

1+ 

72.20 

10  ■ 

g 

18^.20 

7 

5 

g3.Uo 

10 

10 

21^.50 

7 

6 

9U.60 

12 

\ 

15  6. 0'"^ 

7 

7 

106.00 

12 

5 

175.50 

7 

g 

117.30 

12 

r 

b 

195.00 

7 

10 

139.90 

12 

7 

2iU.5o 

g 

k 

87.80 

12 

23^.00 

S 

5 

100.70 

■■12  . 

10 

273.00 

s 

.  6 

113.50 

12_.  ..  ' 

:)2 

121.80 

s 

■     ■  "  7  ■ 

126 . Uo 

Prices  of  V/ood.  Storage  Tgiilcs.  "  Wood  storage  tan^cs  vith  2"  st.^Ves 
will  cost  a.bout  UO/j  more  than  the-.2'Vga.Uf:e  metel  tanks  listed  in  Telile 
XVII;  al)out  10/S  more  than  the  IS-g^-Uge  mete.l  tanks;  and  a.tcut  1^'j  less 
than  the  l6-gauge  metal  tan]rs.    VTood.en  storage  ta^il:s  vith  l-l/S"  staves 
will  cost  about  the  same  as  the  20-ga.uge  metal  ta.nlcs  listed  in  Table 
XVII . 

Corrugated  Suppl;^  Tanks  v.dth  Covers.     Corrvigated  supply  ta.nlcs 
with  covers  will  cost  a^bout  the  same  a.s  the  20-gauge  steel  tanlcs  listed 
in  Table  XVII.     The  smaller  ta.nlcs  are  ma.oe  of  22-ga.ugG  raetal  in  the 
lower  pai.rt  and  2U-gauge  metal  in  the  upper  part;   -one  larger  tanks  of 
Ig-gauge  metal  in  the  bottom  aaid  2n-gauge  metal  in  the  top.     For  eoual 
gauges,  corrugated  raetal  taniks  are  stronger  than  plain  steel. 


37 


TABLE  XVIII.     ApTDroximate  Prices  of-;Cone  Covers 

for  Tanks, 


Diameter 

Price 

Ft. 

k 

$  16.30 

5 

21.10 

6 

27.20 

7 

3U.OO 

8 

1+1.60 

9 

50.20 

10  . 

59.50 

12 

81.  Uo 

TABLE  XIX.     Approxinate  Costs 
Pump  Jacks  Only 


Capacity 

P  T  H 

(In  Feet) 

Gallons 
Per  8  Hrs. 

25 

50 

75 

100 

200 

300 

^80 

$  26.00  $  26.00  $  26.00 

$  26.00 

$  26. 

00 

$  26.00  $ 

55.00 

960 

11 

II 

II 

II 

II 

II 

65.00 

ikMo 

II 

II 

II 

II 

11 

II 

65.00 

1920 

II 

11 

II 

II 

II 

65.00 

65.00 

2^100 

tt 

II 

II 

,  II 

Uo. 

00 

65.00 

65.00 

2880 

II 

II 

II 

II 

Uo. 

00 

65.00 

65.00 

3360 

n 

II 

n 

1! 

ho. 

00 

65.00 

160.00 

38U0 

11 

II 

II 

II 

ho. 

00 

65.00 

160.00 

i+320 

II 

II 

II 

65 . 00 

Uo. 

00 

65.00 

160.00 

U800 

II  ■ 

n 

■  ii/.v; 

'•:.:65VOO. 

65. 

00 

160.00 

160.00 

7200 

'  II.-- 

II 

II 

65.00 

IbO 

00 

160.00 

160 . 00 

9600 

(1 

11 

II 

65 . 00 

160. 

00 

160 . 00 

205.0^ 

12000 

Uo.oo 

65.00 

65.00 

160.00 

160. 

00 

160.00 

225.00 
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TABLE  XX' .    App  r. o  :ci  ma  t  e Pr  i  c  e  s  -•  of ' 
Electric  Motors 


E.  P.. 


Price 


1/^ 

1/3 

1/2 
3/^ 

1 

2 

3 
5 

7-1/2 


$  10.00 
lU.OO 

25.00 
32.00 

41.00 

71.00 
93.00 
151.00 
177-00 


TABLE  XXI.    Approximate  Prices  of 
Gasoline  Motors 

(Air  cooled  to  li  H.P.     Hopper  Cooled^f ron  1-|  H.r.   to  10  E.P.) 


H.  P.  Price 


3/U  .  $  50.00 

1  '  50.00 
1-1/2  60.00 

2  75.00 

3  95-00 
^  130.00 
5  130.00 
7-1/2  225.00 

10  295.00 


TiiBLS  Xni.    Ap:oroxinate  Prices  of 
Well  Casing  (Standard  Pipe) 
(Less  than  carload  lots) 


Size  Price  per 

(In.)  100  Feet 


$  50.58 

3-1/2 

6U.97 

h 

76. Qg 

5 

S3. 25 

6 

108.00 

g 

1U9.5O 

10 

2^8.19 

12 

360.00 

TABLE  XXIII.    Appro:dmate  Prices  of 
Drain  Tile     (Less  than  Carload  Lots) 

Size                   Price  per 
( In. )  Foot 

h  $  .12 

6.  .19 

 10    '  '  .'1-5 

SUGGESTED  PROCEDURE 

The  followinf^  steps  in  developing  farmstead  Water  Facilities 
Dockets  are  suggested: 

1.  Obtain  standard  application  ('/ff  U,  Rev.  Jan.  13^l)- 

2.  Furnish  S.C.S.  coTDy  of  application  (2  copies  if  assistance 

req_uested) . 

3.  Investigate  application  for  elif^itility  and  feasibility. 

U.    Make  reply  to  applicant  (copy  to  S.C.S.),  using-  regular 
form,  W  11. 

5.  If  S.C.S.  is  to  "be  called  in,  make  request  to  Area  Con- 

servationist in  v/riting.' 

6.  Be  sure  reasonable  chance  exists  to  develop  adequate  water. 

7.  Check  on  rights  to  develop  water  as  reo^uested  by  applicant. 

8.  Check  on  available  security.  ' 

9.  Proceed  with  preparation  of  ..docket,  InclUdi.ng  estima.tes 

and  PCO's,  if  reojaired. 

10.  In  case  of  deeD  x^/ells,  observe  State  regulations-  re^rding 

licensing  of  drillers  'and  permits  to  drill. 

11.  Require  driller  to  determine  quantity  of  water,  at  least 

by  bailing  test,  and  record  depth  to  static  v;ater  and 
amount  of  drawdown. 

12.  Require  driller  to  furnish  State  offices  vdth  logs  of 

drilled  v;ells. 

13.  Observe  State  health  regulations  regarding  a^u^lity  of  vra- 

ter  before  installing  equipment. 

m 

I'+f     Furnish  S.C.S.  with  copy  of  completed  656-A. 


G-eneroiis  use  has  been  made  of  material  comT5iled  "by  other 
agencies.     We  suggest  a  widesDread  distri1)ution  of  Farmers  Bulletin 
ITo.  IS59  which  may  "be  obtained  through  regular  chejanels.    An  effort 
is  being  made  to  place  two  copies  each  of  Sections  U  and  5  of  the 
S.C.S.  Engineering  Handbook' in  each  T.S.A.  Regional  Office.     It  is 
suggested  that  excerpts  be  -raad-e  by  those  offices  of  the  material 
which  is  adaptable  to  their  various  problems. 

Section  U  is  entitled  "Sanitary  Standards  for  Rural  Water 
Supplies  and  Systems."     Section  5  is  entitled  "Sanitary  Standards 
for  Disposal  of  Sexrrage  and  Domestic  Wastes  in  Rural  Aree.s."      ^  ■.■ 

The.  following'". specific  references ■  are  ma-,de  to  published  ma- 
terial which  is  recommended  to  all  perr^onnel  eng&.ged  in  planning 
farmstead  facilities:  ■ 

Farmers  Bulletin  Ho.  1859 

•    Wells  Fa. 
Springs 

Impounding  Reservoirs 
Sngineering  Handbook,  Sec.  U 

Selecting  drinking  water 

supplies 
Well  supplies 
Dr.il led  wells 
■  Puirping  equipment 
Quality  a,nd  protection  of 

sm.all  water  supplies 

jjngine eri  ng  Handbo  ok ,  Sec.  5 

This  material  is  submitted  because  of  its  value 
in  showing  methods  availabl.e  for  protecting  farmstead, 
water,  suppli es  from  one  of  the  most  likely' .sources  of 
contamination. 


is  13  to  IS,  incl. 


2^ 


29, 
65, 


.11 


6  .. 

Ik  r, 
20  t: 


5 
11 

IS, 
26, 
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No'te :       Tov^cr  head  and  piriform 
/o  be  Jt/tered  to  fit  mitt  he^d, 
aiub  foyMcr^  etc. 


2  A^"  Runners 
/"xA"  SfepJ  ^ 
on  fS'  cc. 


/  Sway 


PJa+form 


Afatcriab 


^C5 

O  f'mcn. 

4. 

^'x  5' X  25' 

6 

*^/S  45 

36 

6 

/"x/zx  e' 

*3  Boxing 

J6 

6 

"f  S4S 

/  * 

4- 

/  6 

Z'x  6'Jr6  ' 

Z4 

3Z 

4- 

It 

J* 

Z 

Z"k-*'x  ZO' 

27 

2 

/  'm  G'»tf>' 

/£ 

2 

S-jrC'x  6' 

tz 

Ji  \x€,  Oi  'rfs 


a 

te>d        S  • 

aod     0  •• 

W^sf^ers 


Ladder 
CP// '/sty  Ladder 

3  Lhr, 


E5FT.  Tower 

WOOD  v>/iNDMiLL  Tower 

This  tower  is  for  /<?  <&  14-  foot  mill  heads.  For  6, 
8  &  10  foot  mill  heads  use  4"x4''  corner  posts. 
For  16  &  18  foot  mill  heads  use  6"'( 6" corner  posts. 


Figure  1 


/^/3  Ayf 

€> 

•3G 

3& 

o 

/2 

^V«>  ^' 

2%  <Z>' 

'/ 

3^  .-. 

/>,-v  x/G  \ 

/'>  6.  r  /d 

2 

3  r 

2 

/'f  S  r/6' 

^/  J--^  5 

2 

J  2 

3  /I  s 
&  - 
/o  • 

.'^/st  yvrf^^  Lbs 


O/r/s  Ladder- 


50  Ft  Tower 

WOOD  WINDMILL  TOWER 

This  tower  is  for  12  S,  I ■4-  foot  rnilf  headx^ 
For  6.6  &  !0  foot  mill  heads  use  ^"^4" 
corner  poets.   For  16  &  18  foot  mil!  heads 
use  6"'f6"  corner  posts. 


Fig\xrB  2 


^  y  -.  Cc7p  kv/^-h  ho/c 
for  sucker  rod 


Half   Plan  View 

—AT  BaSE- 


^  far 
■f  i>/b  or  foucTf 


Pipe  ho/c/eP 


■<7.-   '6.  ■< 


. .  a.. 


;.<I, 


Cos/n<jf  C/omp 


—  WeH  Cos. 


Concr<srf<T  S'Tof 


■  'Mi 


6"  /l^/^. 


Elevation 


yVELL  CASING  DETAIL  ^or 
W/NOM!L'L  INSTALLATION 


For  small  installations 
in  warm  climates 


mam 


-Sucker\:;ocf  to  wlfgdmill 
or  pumpyQcH 


D  -  9  beloyy  frost  line 


jj  ^  To  storage  tan^  or  i 

supply  sysfern-  Some  f 
siz.e  pipe  as  drop  p'pe- 


Strap  iron  casing  clamp 


Well  casing 

Riser  tubing  or 
drop  pipe 


Combined  air  chamber  and  working  head  for  wells 
in  Qo/d  climates.  . 

This  type  installation  w/ll  req^uire  only  one  pipe 
..  to  storage  tanK.   ('See  Figure  6  4  Page  39). 


Figure  4 


Wat£rtjg?if  monhole  with 
^^fflS^"  oveflopping  covev  ond  iock 


■tP, 

m  rr-; 

PLATFORM  CONSTRUCTION  PLAN 


Note: 

Pipes  entering  tank  stic!! 
have  CGSt-iron  expansion 
joints  with  rubber  packing, 
ond  fucihfes  for  tighfeninq. 
Expansion  joints, geperoliy, 
siiall  be  fostened  to  botiom 
of  tonk  with  bolts  hoving 
lead  washers,  fonk  plotes 
reinforced  where  pipe  enters 


Note:  for  sizes 
of  members  see 
Toble  23. 


Split  rings  on  joints  to  be  placed  in 
accordonce  with  manufocturers 
recommendotions 


Section  AA 


SPLlT-RlfiG  JOINT  GON'STRUCTION 


/••.. .'^^  h-.      1  ' 

G^te  Volvei^  E  L  E^AflOt^^''"^ 
u —  A  — H  —  B  —  C  — »^ 


-  Reinforcing  of  piers  to  be 
^goi/e.'ned  by  soil  conditions 
H  and  copocity  of  tonk 


FOUNDATION 
PLAN 


FOOTING  CONSTRUCTION 


NOTE  -  Piers  bosed  on  soil  bearing  1500  per  sq  foot 


OlMEiNiSIOIVS  FOR  FOUNDATION  PLAN 
VAkIOOS  HF.IGHTS  &  !0,00O  GAL.  TA^^K 

HCI6HT 
TANK 

A 

 _ 

B  ^ 

D 

30'-  0" 

4'  -  0" 

S'  -  5" 

l2'-5" 

3'- 6" 

40'-  0" 

4' -a" 

9'-n" 

14'- i" 

j>  -  o 

50'-  0" 

4'- 6" 

n"-3" 

15' -9" 

4'-0" 

Pisrure  6.  -  Proper  design  fw  etevsted  tsn*  on  turodon  tsiwif . 


'./ater  Tank  Tov/ers 
Dimensions  of  Lumber 


Size  of      :  :Floor  Joi  sts     coring*' "Sracinf? 


T^ink  :  Height:  Size  Spacing  :   Cap     :   Legs  :Stn:.ts  Sy/ay 


Ft. 

Ft. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

6h 

10-30 

3x  6 

10 

1 

X 

6 

Ux  6 

2x6 

2x6 

7D, 

7H 

10-30 

3x  6 

12 

1 

X 

0 

UxlO 

2x6 

2x6 

8H 

10-30 

3x  8 

lU 

1 

X 

6 

toU 

5x5 

2x6 

2x6 

gH 

35-50 

3x  S 

lU 

1 

6 

UxlU 

6x6 

2x8 

2x8 

9H 

10-30 

3x  g 

12 

1* 

6 

6:cli| 

5x5 

3x6 

2x8 

9D, 

9H 

35-50 

3x  S 

12 

1-1 

X 

6 

bxlU 

6x6 

3x6 

2x8 

lOD, 

lOH 

10-50 

3x12 

12 

Z 

6 

8x1^ 

6x6 

3x6 

2x8 

12D, 

12H 

10-50 

4x12 

10 

X 

r 
0 

10x18 

7x7 

3x6 

2x8 

*  Flooring  to  have  l/ 2"  space  betvreen  each  "board  and  two  lines  of 
1/2"  holes,  6"  centers,  in  each  hoard,  staggered,   to  provide 
drains.    Bottom  of  tank  and  top  of  floor  to  he  asphalt  painted. 


'Flooring  ever  tanK  platform. 
2"^6's.  Space  pianKs  j^" 

rj]  See  specifications 


^Stael  tanK  3 


PI  ATFORM  CONSTRUCTION  PLAN 

If  Note: 

it      Pipes  entering  tonk  sha''  hove  cost- 
al,     iron  expoosiori  joinls  ruDber 

pocking, ond  fociilier;  for  )ignr.:-T,ing.    ^  p, 

Expansion  )Oinfs,genfe'-Q!jy,sho;i  be  \'>.y 

having  lead  .vashe  s.?onh  p^ote  V,\ 
reiTiforcad  where  r-i.ps  enters. 


Reiforcinq  of  piets  tc  be      /^-y  S.. 
governed  by  soil  conditions/ 
ar\d  copocify  of  tank 


HOOTING  CONSTRUCTION 


Concrete  Footinq  < 


Coficete  Foondafion 


iVoIvs  Box 


OuJief: 


iplet 


Njte 


I  Tower  foolinqs  to  be  locoteii  10  occordonce  . 
!   with  inonufoctufers   specifications  i 


.       .  I   _Concfete  Footing^  !  ,  |-,  ; 


Elevation 


FOUNDATION  PLAN 


Fi^rure  7.  -  Typical  design  for  elevated  wooden  tank  on  steel  tower. 


Figure  8 


Suggested  FabricatQd  Top  for  Wood  Storage  lank 


Figxire  9 


Figure  10  -  Proper  construction  far  concrete  reservoir. 


I  .  DroinVolve 


Overlapping  Monhole 
Cover 


Platform  Dram 

/**  Metal  Pump  Sleeve 



\ 

Sump  To  Prevent 
Splash. 


Filter 

cir 


Box 


\ 


l-T  

I  I 
I  I 


I  1 
I  I 


Rerf!Ovable  Section  Of  Filter  Box  Top 


12 


Optional  Power 
(Pump  Connection 


PLAN 


CLOSED  TOP  PUMP 
Stuffing  Box 


Extend  metdl  sleeve 
l"or  more  above  plotforrn 


Plotform  Droin 


Downspout 


I 


Aspholtic  Seal^ 


NoJe 

Wtiere  entire  cistern 
and  filter  ore 
placed  below  grouni 
manhole  stioll  be 
brought  to  surface 
ond  sealed 


Overlapping  Monhole 


Flapper  Volve 
Screen, 


J^amid  GcK/cnized_Screen  • 

A  6'dg 


Filter  Sand 
Effective  Size  .3  mm. 


Jj^  ^  t''-"  Fine  Sond  to  Coorse  k 
y     \-X         Vto  V  6-0 vei 


I! 


i 


VigriK  11  -  Properly  designed  cistern  showing  optional  pump  installations. 
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Clean  out 
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o 
o 


 ^    

■.Gra\^el,  \brO'<'cn  stone 
■        or  coarsti  sand  : I- 


0| 


o.  o- 


o.  ■  6  ■  -.  p-  •.  Ic  •  ■  o-*-^ 

^  •  or.  -  ci^ircSa/  - 
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Cleanout 
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Diatjrom  of  Cha rcoal  Water  FiJter 
(TaKen  from  Wafer  Supply  Engmeerinj^  Page  707 J 


Figure  12 
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